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INTRODUCxION  TO  REPORT  uN  THE 


ELECTRONIC  NUMERICAL  INTEGRATOR  AND  COivIPUTCR  (ENIAC) 

0.  INTRODUCTION 

The  Report  on  the  ENIAC  consists  of  five  sepsa*ately  bound  parts,  as 

follows: 

1)  ENIAC  Operating  Manual 

2)  ENIAC  Maintenance  Manual 

3)  Part  I,  Technical  Description  of  the  ENI/iC 

Volume  I  -  Chapters  I  to  VI 

U)  Part  I,  Technical  Description  of  the  ENKC 
Volume  II  -  Chapters  VII  to  XI 

5)  Part  II,  Technical  Description  of  the  ENIAC 
Included  with  the  Operating  Manual  and  Parts  I  and  II  of  the  Technical  Pescrlptie 
are  all  drawings  (see  Table  0.3  below)  which  are  required  for  understanding  these 
reports.  The  Maintenance  Manual  assumes  access  to  the  conrolete  file  of  ENInC 
drawings , 

Part  I  of  the  Technical  Description  is  intended  for  those  who  wish 
to  have  a  general  underst.‘'nding  of  how  the  ENIAC  works,  without  concerning  them¬ 
selves  with  the  details  of  the  circuits;  it  assumes  no  knowledge  of  electronics 
or  circuit  theory.  Part  II  is  intended  for  those  who  require  a  detailed  under¬ 
standing  of  the  circuits.  Its  organization,  to  a  great  extent,  duplicates  that 
of  Part  I  so  as  to  make  cross  referencing  between  the  two  parts  easy. 

The  ENIAC  Operating  Manual  cont<ains  a  comjjlete  set  of  instructions 
for  operating  the  ENIAC,  It  includes  very  little  explanatory  material,  and 
hence  assumes  familiarity  with  Part  I  of  the  Technical  Description  of  the  ENIaC, 
The  ENIAC  Maintenance  Manual  includes  description  of  the  various  test  units  and 
procedures  for  testing,  as  well  as  a  list  of  common  and  probable  sources  of 
trouble.  It  assumes  a  complete  understanding  of  the  circuits  of  the  ENIAC,  i,e,; 
a  knowledge  of  both  Parts  I  and  II  of  the  Technical  Description  of  the  ENLiC, 


The  Report  on  the  ENIAC  and  the  complete  file  of  ENIAC  drawings 
constitute  a  complete  description  and  set  of  instructions  for  operation  and 
maintenance  of  the  machine*.  The  drawings  carry  a  number  of  the  form  PX-n-m,. 


2  ‘ 


The  following  tables  give  the  classification  according  to  this  numbering  system. 


TABLE  0,1 

Values  of 

n 

Division 

1 

General 

2 

Test  Equipment 

3 

Racks  and  Panels 

4 

Trays,  Cables,  Adaptors,  and  Load  Bcaces 

5 

Accumulators 

6 

High  Speed  Multiplier 

7 

Function  Tr?-bi(3 

8 

Master  Prograinmer 

9 

Cycling  Unit  and  Initiating  Unit 

10 

Divider  and  Square  Rooter 

11 

Constant  Transmitter 

12 

Printer 

13 

Power  Supplies 

TABLE  0,2 

Values  of 

n 

Subject 

' 

101-200 

,  • 

Wiring  Diagrams 

201-300 

Mechanical  Drawings 

501-400 

Report  Drawings 

401-500 

Illustration  Problem  Set-Ups. 

The  reader  of  this  report  will  be  primarily  interested  in  the  types 
of  drawings  listed  in  the  following  paragraphs,  A  table  on  page  4  gives  the 
corresponding  drawing  number  for  each  unit  of  the  ENIAC. 

1)  Front  Panel  Drawings,  These  drawings  show  in  some  detail  the 
switches,  sockets,  etc,,  for  each  panel  of  each  unit.  They  contain  the 
essential  instructions  for  setting  up  a  problem  on  the  EUIikC, 

2)  Front  View  Drawings,  There  is  one  of  these  drawings  for  each 
kind  of  panel  used  in  the  various  units  of  the  Ei^IAC.  These  show  the  relative 
position  of  the  trays  and  the  location  of  the  various  neon  lights.  Since  these 
drawings  show  the  neon  lights,  they  can  be  used  to  check  the  proper  operation  of 
the  various  units, 

3)  Block  Diagrajns,  These  drawings  illustrate  the  logical  essentials 
of  the  internal  circuits  of  each  unit.  That  is,  resistors,  condensers,  and 
sorae  other  electrical  details  are  not  shown;  but  ccjuplete  channels  (paths  of 
pulses  or  gates  representing  numbers  or  program  signals)  are  shown  in  all  their 
multiplicity.  These  drawings  will  be  of  interest  to  those  who  are  interested 

in  Parts  I  and  II  of  the  Technical  Report, 

4)  Cross-section  Diagrams,  These  drawings  are  electronically  complet 
except  that  only  one  channel  is  shown  where  there  is  more  than  one.  Thus,  these 
drawings  show  every  resistor  and  condenser  and  any  other  electronic  elements  . 
belonging  to  any  circuit.  These  drawings  will  be  of  particular  interest  to 

the  maintenance  personnel  and  to  those  reading  Part  II  of  the  technical  report, 

5)  Detail  Dravdngs.  All  other  drawings  of  the  ENIAC  come  under 
this  heading,  A  complete  file  of  drawings  is  available  at  the  location  of  the 
ENInC.. 
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Unit 


Front  Panel 


Initiating 

Unit 


Cycling  Unit  IPX-9-303 


iiccunulator  PX-5-301 


Multiplier 


Function  Table 


Divider  and 
Sauare  Rooter 


Constant  Trans-  PX-11-302 
mitter  11-302R 

11-303 

II-3O3R 

11-304 


Printer 


Master  Pro- 
graramer 


PX-12-301 

I2-30IR 

12-302 

12-302R 

12-303 

12-303R 


PX-8-301 

6-3OUI 

8-302 

a-.302R 


Front  View  Block  Diagram  Cross  -  Section 


PX- 


PX-5-305 


PX-6-309 


PX-ll-30 


PX-12-30 


PX-8-303 


PX-5-304 


PX-6-3O6 


px~ 7-304 


PX-lO-304 


PX-U-307 


PX-12-307 


PX-e-304 


PX-5-115 


PX-6-112ii 

6-112B 


Pa-7-117 

7-118 


PX-U-U 

11-309 

(C.T.  and  R. 


PX-8-102 


Other  drawings  of  particular  interest; 


Floor  Plan 
A.C.  Wiring 
IBM  Reader  and 
plugboard 


n  PX-l-302  im  Punch  and  PX-12-112 

ng  PX-1-303  Plugboard  PX-12-305 

r  and  PX-11-119  Pulse  ..riplificr  .jid  PX-4-3Q2 

PX-ll-30 5  Block  Diagram  PX-4-301 

Interconnection  of  Multiplier  end  Accumulators  PX-6-311 
Interconnection  of  Divider  oiid  Accumulators  PX-10-307 
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The  front  viGYu  (^awings  and  the  large  front  panel  drawings  (whose 
numbers  do  not  end  with  ’’R")  are  bovind  as  a  part  of  the  Operator's  Manual, 

Included  with  the  report  is  a  folder  containing  all  the  drawings 
listed  in  the  above  table  except  the  large  front  panel  (see  above)  drawings, 

1.  GENERAL  INSTRUCTIONS  f'OR  OFEPu'iTIKG  PERSQIIKEL 

1,  Inform  maintenance  personnel  immediately  of  any  trouble  and  note 
same  in  the  log  book, 

2,  Occasionally  check  the  filament  fuse  indicator  lights  (refer  to 
front  view  drawings  bound  in  this  volume);  if  any  are.  out  turn  off  the  d-c  power 
(switch  is  located  on  a-c  distribution  panel,  see  PX-1-30/4.)# 

3,  If  SNLsC  shuts  down  from  overheating  do  not  try  to  restart;  call 
maintenance  personnel.  If  any  panel  runs  consistently  much  hotter  than  the 
others,  do  the  sane, 

A,  The  d-c  power  should,  bo  turned  cn  only  with  operation  switch 
(either  on  cycling  unit  or  on  the  hand  control)  turned  to  "continuous".  After 
the  d-c  has  been  on  a  fow  seconds  it  nay  be  turned  to  cither  of  the  other  two 
positions.  Failure  to  follow  this  rule  causes  certain  d-c  fuses  to  blow,  -240 
and  -415  particular, 

5»  As  a  general  emitter  certain  units  not  being  used  may  have  their 
heaters  turned  off.  In  such  cases  it  is  unnecessary  to  remove  the  d-c  power  or 
even  to  turn  off  the  d-c  power  when  turning  on  these  units.  On  the  other  hand  th 
three  panels  of  the  constant  transndttor  must  be  turned  on  or  off  simultaneously, 

6,  Do  not  remove  any  covers,  front  or  back, 

7,  Do  not  open  d-c  fuse  cabinet  with  the  d-c  power  turned  on.  This 
ncu  only  exposes  a  parson  to  voltage  differences  of  around  1500  volts  but  tbe 
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person  may  be  burned  by  flying  pieces  of  molten  fuse  wire  in  case  a  fuse  should 
blow, 

8,  Padlocks  are  provided  for  locking  the  d-c  power  off.  Lock  the 
power  off  and  carry  the  key  with  you  as  long  as  you  are  working  on  the  machine, 

9,  Do  not  remove  accumulator  interconnector  plugs,  or  function  table 
or  lEM  machine  connector  cables,  while  the  d-c  is  on.  All  other  fi-ont  panel 
plugs  may  be  safely  nv;3ved  while  the  power  is  on. 

Id,  Do  not  pull  directly  on  wire  or  cable;  always  use  the  plug  case 
as  a  grip, 

11.  Do  not  put  sharp  bends  in  cables  or  hang  anything  on  them, 

12.  Do  not  leave  cables  dangling  on  the  floor, 

13.  Do  not  pound  or  force  plugs;  if  they  do  not  respond  to  steady 

pressure  notify  maintenance  personnel. 

14.  Do  not  leave  IBM  cable  connectors  or  portable  function  table 

connectors  lying  out  in  the  open,L  keep  in  the  receptacles  provided.  Also,  make 

use  of  the  ramps  to  protect  the  cables  of  any  such  units  which  are  connected  to 

the  ENIAC . 

15.  Do  not  force  any  switches, 

16.  Keep  the  door  to  the  room  closed  to  keep  out  dust,  avoid  stirring 
up  or  producing  dust, 

17.  Always  move  the  portable  function  tables  with  care.  Keep  the 
brakes  on  when  not  moving  them, 

I 

2,  PROm™  SKT  UP  RjaiARKS 
2.1,  UbED  FOIi  SYgTiafATIC  CHECKS 

Since  the  ENIAC  makes  use  of  a  hierarchy  of  channels  (first,  in  that  a 
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number  of  units  mcvy  be  carrying  on  computations  simultaneously;  second,  in  that 
it  always  hr.ndles  ten  to  twenty  digits  of  a  nvimber  simultaneously;  and  third, 
in  that  certain  units  use  a  coded  system  giving  four  channels  for  each  digit) 
running  a  standard  check  problem  is  not  a  sufficient  check  on  the  acctiracy  of 
the  results.  Thus,  in  arr:-nging  a  problem  for  the  EI\^IAC  provision  should  he 
made  for  occasional  systematic  checks  of  all  the  units. 

Procedures  for  systematic  checking  are  described  in  some  detail  in 
the  maintenance  manual.  Brief  procediuros  will  be  outlined  here  for  the  numerical 
tinits«  The  following  test  procedures  are  not  comprehensive  tests  and  the  ex¬ 
perienced  operator  will  perhaps  use  variations  of  them.  In  particular,  the 
tests  given  below  arc  not  designed  to  check  the  operation  of  the  various  program 
controls.  However,  they  arc  designed  to  check  the  numerical  circuits  in  each 
unit  and  to  a  considerable  extent  check  the  program  control  used  to  carry  out 
the  test, 

2.2,  JESTING  AN  ACCIMJUTOR 

Cards  should  be  prepared  as  follows: 

1.  p  11111  iim 

2,  P  00000  O'OOOl 

The  nxjmbers  should  bo  so  placed  on  a  card  that  one  group  in  the  constant  trans¬ 
mitter,  say  A  corresponds  to  these  numbers,  Next,  a  master  programrrier  stepper 
LK 

should  be  used  to  transmit  the  first  number  into  the  accumul'-vtors  which  are  to 
be  tested  eighteen  times.  At  this  tirie  the  accumulators  should  read 

M  99999  99998 

and  all  stages  of  each  decade  have  been  checked  as  well. as  the  delayed  carry-over 
circuits.  Now  tho  stepper  (used  above)  should  cause  the  reader  to  read  the  next 
card  and  the  number  tc  be  transmitted  to  the  r.ccumuiators  twice.  This  should 
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give 


P  00000  00000 


cind  checks  the  direct  carry-over  circuits.  Note  that  this  test  assumes  that 
the  significant  figure  switch  is  set  to  "10",  If  this  is  not  so  the  operator 
can  modify  the  above  procedure  to  take  care  of  this. 

This  test  does  not  check  the  following  circuits  (for  a  complete  check¬ 
ing  procedure  see  the  maintenance  manual): 

Transmission  circuits  Input  channels  (except  for  the  one  used) 

Clearing  circuits  Program  controls  (except  for  the  one  used) 

Repeater  ring 


2.3.  TESTING  THE  MULTIPLIER 

The  following  set  of  cards  should  bo  prepared. 


Card 

Multiplier 

(TaT) 

ilultiplicand 

1 

P  00000  00000 

p  imi  mu 

2 

p  11111  11111 

p  mu  mil 

3 

p  11111  mil 

P  22222  22222 

10 

'P  iim  imi 

P  99999  99999 

11 

P  22222  22222 

P  mil  11111 

12 

P  22222  22222 

P  22222  22222 

82 

p  99999  99999 

P  99999  99999 

83 

-  fP  11111  11111 

M  mil  lllU 

84 

M  uui  mu 

p  um  iiiu 

85 

M  11111  mu 

M  mu  mu 

9 


On  a  second  sot  of  cards,  or  on  these  same  cards  in  different  fields 
the  proper  answers  shoiild  be  punched.  Note  that  these  answers  will  depend  upon 
when  ten  or  twenty  digit  products  are  used,  that  is,  whether  the  product 
accumulators  are  used  as  ten  or  twenty  digit  accuiiiulators . 

There  are  two  methods  of  using  these  cards  to  check  the  numerical 
circuits  of  the  multiplier.  One  is  to  have  the  answer  on  the  sane  card  and 
arrange  for  its  transmission  to  the  product  accumulators  with  its  sign  changed 
(or  the  sign  of  one  of  the  factors  may  be  changed).  In  this  ease  the  whole 
sequence  of  cards  in  run  and  the  presence  of  "zero"  in  the  product  accumulators 
indicates  (with  high  probability  since  there  could  be  caiipensating  errors)  that 
the  numerical  circuits  are  all  right, 

A  second  method  is  to  run  the  test  and  cause  the  answers  to  be  punched 
on  other  cards.  These  results  may  then  be  compared  with  standard  answers  by 
use  of  the  reproducing  punch. 

This  proedduro  does  not  chock  the  following: 

Rounding  off  circuits 

Program  controls- (other  than  the  one  used), 

2. A.  TO  TEST  A  FUNCTION  TABLE 

An  accumulator  is  used  to  build  up  the  argument,  A  program  control 
on  the  function  table  has  its  function  sv/itch  set  to  "-2"  and  a  second  switch 
has  its  argument  set  to  "+2", 

The  prograjTniing  is  so  arranged  that  the  "-2"  program  is  activated  and 
the  output  sent  to  an  accumulator  associated  with  the  printer.  The  iKJSult  is 
punched  on  a  card,  "one"  is  added  to  the  argument,  and  the  process  repeated. 
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The  master  progriijnmer  c-'ji  be  used  to  repeat  the  program  96  tiLies  and  then 
alternately  activate  the  "—2"  and  the  ”+2"  progr?m  four  more  times*  (Or 
various  other  schemes  may  be-  devised  to  obtain  all  IO4  entries  to  the  function 
table*)  The  cards  punched  in  this  manner  esn  then  be  Ci?mpared  with  a  standard 
deck. 

Note  that  the  above  check  is  not  a  systematic  check  of  the  numerical 
circuits  as  a  whole.  In  other  words  this  check  should  be  repeated  if  any  switches 
on  the  portable  tabic  (or  on  panel  No,  2)  are  changed. 

Fuithermore,  the  above  procedure  docs  not  check  the  various  program 
controls  of  the  function  table, 

2*5 i  TO  TEST  THE  DIVIDER  AND  SQUARE  ROOTER 

The  divider  and  square  rooter  can  best  be  checked  by  performing  test 
division  problems  and  square  root  problems.  Drawing  PX-10-111  gives  the  neons 
which  should  be  lit  at  various  places  in  the  process*  The  operator  can  chock 
against  this  by  g:)ing  through  the  problcjpi  at  one  additicsn  time, 

2*6*  CONSTANT  TRANSMTTER  TKST  PROCEDURE  . 

The  1;  2,  2' ,  4  channels  in  the  constant  transmitter  can  all  be  checked 
simultaneously  by  reading  cards  with  nine  punches  jn  them.  Since  it  is  un¬ 
desirable  that  the  same  number  be  punched  in  all  columns  of  a  card  (tliis  weakens 
a  card  increasing  the  probability  of  "jamming”  in  the  feeding  mechanism  of  the 
IBM  machines)  it  is  suggested  that  cards  be  prepared  as  follows, 

1)  9' s  in  groups  and 

2)  9's  in  groups  C^^^  and  D^^ 

3)  9's  in  groups  and 
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U)  9’s  in  groups  and  H 

LR  Ui 

5)  Four  more  cards  siriilar  to  above  but  with  minus  punches. 

The  prograniiaing  should  be  arranged  so  that  the  numbers  are  transiritted 
into  accumulators  when  they  can  be  inspected  visually  or  perhaps  punched  on  other 
cords  and  compared  with  a  standard  deck  using  the  reproducing  punch. 

Note  that  Jjj^  and  should  be  checked  in  a  sli.iilar  manner.  (Th^jse 
only  need  be  checked  for  the  numbers  used  in  the  sot-up  provided  they  are  re- 
chocked  any  time  that  some  of  the  switch  settings  are  changed.) 

This  procedure  does  not  check  all  the  program  controls. 

2.7,.  PH  INTER  TEST  PROCEDURE 

The  printer  can  be  tested  by  causing  all  possible  digits  in  each 
channel  to  be  punched  and  by  checking  the  PM  delays.  The  following  cards  should 
be  prepared, 

1)  P  01234  56789 

2)  P  11111  11101 

3)  P  nm  11011 


10)  p  01111  imi 

11)  P  11111  11111 

The  prograrming  should  be  arranged  to  cause  the  numbers  on  the  test  j 

cards  t'^  be  read  by  the  IBM  reader,  transmitted  to  the  printing  accuiaulators,  and  ; 

the  result  punched.  The  resulting  cards  may  be  composed  with  a  standard  deck  by  ! 

use  of  the  reproducing  punch,  I 

Card  nmbrir  one  has  the  numbers  0  tc  9  punched  in  it  to  prevent  the  ; 

stjno  digit  frcaa  being  punched  all  across  a  card,  | 

I 
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If  any  decades  of  the  master  progromraer  are  used  in  printing  they 
may  be  checked  at  this  time  by  transmitting  the  program  pulse  (used  to  activate 
the  above  sequence)  into  each  decade  direct  input. 

This  constitutes  a  complete  test  of  the  printer, 

2.8.  TESTING  FCR  TRAKSIEOT  FAILURgS 

If  transient  failures  are  suspected  &  master  programmer  stepper  should 
be  used  to  repeat  the  appropriate  test  (such  as  one  of  those  above)  a  large 
number  of  times. 

In  case  of  an  accumulator  this  can  be  done  using  only  one  card  (say, 

P  99999  99999)  and  using  a  second  program  control  set  to  aC  (receive  on  a  and 
correct)  to  obtain  the  one  pulse  in  the  units  decade. 

For  the  multiplier  it  becomes  necessary  to  punch  the  answers  on  the 
cards  with  the  factors  (see  2,3)  and  cause  these  to  be  transmitted  to  the 
product  accumulators  for  each  multiplication.  If  more  than  ten  digit  answers 
are  used  the  adjusted  answer  to  card  83  must  be  carefully  prepared  in  order  to 
get  minus  the  ans’wsr  from  the  constant  transrdtter  to  the  product  accumulators 
(since  the  constant  transmitter  only  campleinents  at  'aost  ton  digits  at  a  time). 

Repetition  of  a  function  table  test  is  straight  forward.  It  may  be 
worth  while  to  receive  into  a  twenty  digit  accumulator  and  repeat  the  transmission 
10^  tines,  say,  and  see  if  the  proper  nuruber  is  obtained. 

The  square  root  of  zero  is  perhaps  the  easiest  test  to  repeat  on  the 
divider- square  rooter. 

The  constant  transmitter  can  be  caused  to  transmit  any  group  repeatedly 
to  some  accumulator.  Dust  particles  may  cause  transient  relay  failure^  so  avoid 
stirring  up  dust  in  the  EMLiC  room.  Also,  if  any  relay  case  is  renovec^  always 
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replace  in  exactly  the  same  position  in  order  not  to  disturb  dust  inside  the 
case. 


Transient  failures  in  the  printer  are  probably  relay  failures.  See 
maintenance  manual  for  list  of  probable  failures. 


(AfULr/pc/£/^ 

^ecuttuLMTaJt  8 
(jNi^jr) 


14 

I 


1!^ 

^  o  t  ’ 

«l! 


1^1  ll  I 


5?  J  if  J 
^  j.S 


1  AaaMAAa  3  Si/e/r-  Zisaya 

^eaeaajy  F^/a/rTZ^yf^ 

^eeuMVLMTiMt.  If 
(At/MTE*.  6J 

^euMUl/rram.  16 
(Ae/AfTM/t  if 8) 


AeovMatJtTOK.  7 
(Jy/rr  I) 

/feeyMu^^rojt.  6 

S^tAQjte/bor^) 

Acct/jtfUtjfrtuaS 

(DKMCMlAtttTait 

IborZ) 

IteeuAfucMTOM  4 

(AlyMtwPMlL ) 


AecyAfyc^ro/tS 

(Mujtf£ja£  reml) 

S9t/»ju.jBooTKit 


AcCUMULATOb  Z 
( Qt/crr/€Afr) 


AtCVHVLATIOM  1 


fi/ner/oy  Tifate  / 
At^aL  Z 


Auncncfi  Tfuaa  1 
P/t/MLl 


PASrtm.  PjKtMJIMMIt 
P£J\>tL  Z 

M£ST££/ko«ePAtAfta 

Pp/IslI 

CA*/A/reMi) 

C<Pct.iA/e 

UA//r- 

lAflTlPTlU* 

UaIit 


I 

I 

I 

I 

■ 

■ 

I 

I 

I 

I 


Afar/taLe 
A/Afcr/OA/  TSoL*  B 


A>aT^ace 
Pi/A/erteAf  TZsceA 


MOORE  3CH0QL«''ELCCnUCnL  ENGINEERING 
UNIV  ERSITY -^PENNSKLVAN 


AeevMt/L/fra*  IT 
(ficfAmat  Sf/o) 

AeeuMut/rroM  IS 

('Atwraz/I fit) 

Ai/A/er/oAAZiet£  2 
PaA/AL  i 

PoA/ertaA/lkaLa  Z 
AtA/aaZ 

fuaerfOAfTasLA  3 

A^£ll 

FuAfenoA/TaaLtS 

PaA/ecZ 


SccuAiotaroa  IS 
(Ae/ArrgJt  13 1 If) 

SceuA/uiaroa  to 

(ikfMrea  IS  f  16) 

€mAtsrj9yr 
7kaasAf/7-ra» 
AtAfaa  I 

‘CaMar/^a/r 
7I^A/sAttrrap 
ApA/aa  £ 

CoAAsTaa/r 

ZkAAfSAA/rrap 

/WAfaaS 

^/A/rep 

^a/ju.2 

^A/TXM. 

^Af£LZ 

flB/4/r£X. 

AoatazJ 


£Af/PC 

F2.oa£  Layoar 

FX~-/-3  0Z 


Front  Pbnel 


lO 


E  B 


□  □  □  □ 


e  • 


(1- 65-SeLECT(WE  Clebr  Tronsceiveb  Neons- 


□□□ □□□ 


3  OS  @0  9 

3  OB  09  0@  SO 


a  3  ^  r« 

Hebter  Fuse  Neons 


OOOQOOaOOOQ 

OOOQ0t^0Q00O 


AfOO/t£  SCUSSL  “f  ELUr^lCAJ.  £^fitA>££EW& 

m/t'EEs/ry  ‘f 


7-  R£sp£/f(fiii  P^inreittP)  SrAirr  Npomz 

e- 

F- ReAD£ff  Finish  Ncon 
I-ffeiU>£it  ./nt£nioc,h  Ncon 
9-F£ao£R  Synchronizing  (S>N£on 

^  F-  Printer  Finish  Neon 
S-  Printer  'Synchronizing  Ncon 

I  -  fN/riATiNG  Pulse  /nrot  f^EON 
S- /.  P.  Synchronizing  Neon 


-Prqsrbm  TBByS 


/F/r/ATINP 

UNfT 

FROFF  U/FW 

RX-9-3eE 


MOOdE  SCHOOL  ELECF^/CHL  £A/0/N££/S/H0 

Ci/ELW<iaMT 

EXLJUT  H/£Lf 

fix-i-JOV 

UH/VERSITV  of  PENHSVL\//lfJ/A 

A/e-OA/s 


MOD/i£  SCHOCL  ”/  £LECTfitCfiL  £f^&/fi/£££/fA6 

/ICCt/MULfiTOe. 

fe/wTif/fk' 

fJA//V£/!!/Ty  of  P£/y,VS!'£l/fiA//£l 

fX-  S  -  SOS 

ft^sUt'ENT  NeOMS 


fluc-iJM'NT  StT-Ur  Neon - ^ 

fltw  SufcTBmr  Neons - 

FVoguflM  Rin<;  Neons - 


TiiflNscEivLf.  IMfoiiS- 


Diqn  Ti;rvs 


pRpNT  PBNrL 


■PkcciKflM  TRnys 


Neons  On  Dorin6  Divisjon 


Aob  Pros. 
Time  Rinq 


RECttven 


lo-f  >W,s< 


SRC.I'f 


PjOR  Pa 


■■■csmiiQiaa 

nBBPBBQOOm 

msaisDB 


!□ 

imHoaaBa 

■□PBBB^ 


BBdBBI 

BBiBBI 

BBBBfll 


Neons  On  During  Squrre  Rooting 


Plmx 

R,^  Recover 


(SCSBBQQIS 
noEinoBonEiiE 


DT.+  t 


DsoRD 


BdESQBCir 

BmOBBm 

BSlQBBffl 

BSSBDB^ 

iBEBBEl 


3,4,  on 


/Neon  Lamps 
Divide  Fbp- Flop 
2  .Clear  Flip-Flop 

3.  iNTERLOut  Flip-Flop 

4.  DV  Receiver 

5.  NV  Beceiver 
4.  Pulse  Source 

Flip-Flop 
7  PH0&RAM  R1N6 
Flip-Flop 

SDehominator  Flip-Flop 
S Numerator  Riwg~ 
10.  Numerator  Rins^ 

.  Answer  DisposrlO-4) 
Receiver  Neons 

Receiver  Neons 
-Place  Bins  Neons 

i(  Numbered  To 
Correspond  To  Decades 
Or  An  Accumulator) 


-Transceiver  Neons 
(l-8> 


Prooram  Bins  Neons 


DnibcR-Souanc  Roote 
Front  View 
PX-IO-30a 


Foot  Notes 
(D  On  Ip  Previous  Probram  Was  A  Division. 

®  ON  IF  Denominator  Is  Positive  When  Rcceiveoin  denominator  Accumulator. 

®  IF  Before  denominator  Is  Added  To  Or  Subtracted  From  Numerator, TBe  Numerator  Is  Positive, Neon^4Is 
ON]  Otherwise  Neon^3  Is  On. 

®  Goes  On  When  Interlock  Pulse  Is  Received. 

(3)  Goes  On  One  Addition  Tiaiie  After  I1I-9 
®  Goes  Ok*.«.-  In  NX  Case  ,Two  Addition  Times  After  III-S. 

b-lN  I  Case,  In  Whichever  Occurs  Later -Two  Addition  Hmes  After  I1I-9  Or  One  Addition  TImeAfterNeiinT 
«dS>cSlO-^  Where -f  Is  The  Settins  Of  The  Places  Switch. 

♦*  Only  if  NoOverdrf>ft  Results. 
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o  c  c  c 
o  o  c  o 
O  o  o 
o  o  o  o 
c  o  &  o 
o  o  o  c 
o  o  o  o 
o  o  o  o 


c  c  o 
o  c  c 
o  c  c 

POO 

OOP 

coo 
coo 
o  o  o 

OOP 

o  o  o 


O  O  C 
pro 
coo 
o  o  c 
coo 
o  c  o 
o  o  o 
coo 

OOP 

POP 


ooocoooc 


opoooooooo 


[^^3  — JT- 


-  A/Lte 


7/ttn ' 


'Omr  TxATf 


□DDDDDDDn 

□nnnnnflij 

□□baadap 


o  c  c  o 

GCGCCCOO"  V,  C  O  CC  CO 


DCoriDDaDJ 

nHpL-mprj 

ppmiidag 


□PPPPPLXJ 

C  O 

oo''  ■_  '  tr  r  o  C'O  oc  oo 


Oooooooppoo 

oooooopccoo 

ooooooooooo 

ooooooooooo 

ooooooooooo 

ooooooooooo 


p  C  P  C  o  c  C  G  C  G  O 
p  c  c 


oopcrnno^oo" 

oppcpoorcpp 

OOPOPCOOOCO 

PPPOOOOQCOO 

OPPPPOPPOCP 

PPPPPPPPOPO 


Coitt/e* 


Anmfte/t 

•7 

Tia/ 


Mcof^c  School  °f  £L£crH/CAC 
UN/u£Ff£/ry 


PuLSe 

/rT£/^CfWAi£CriON  Difshah 
4-302. 


X  vol^*c>  hM  oa«lilMCd 


IhG  mU 


ehart 

Ifelt*  oiaiMz*  OB  tllB  valtagt  obort  Indloa^ 

WltBfBO  #«  tM  BBdg  at  a  poMt  •«9pXy«  Bl«oli 

nMtaffl  tadloBt*  volttfi  p«lfB  Is  i^Scb  ■«  loBsl 
os*  vBltBfs  is  AsrlfsA  fra*  ■  UsoAbt  tap. 

9obls4  tVi  TOltBa^  RhBiii  sra  tb« 

■  MpS 

TM  4>«  TOibMs  avIltivM  and  abs  Bi^  hisi 
B^ltsAs  af  anrr  veltBC*  at  tba  BIXAC  bs 
MMurod  vith  mpMa  ta  aaaa  Mbar  «» 

(Ma  pbjmU 


Start  Bad  atop  SwItobM 


PBPblsf  tbs  atart  nrltab  tuian  tba  aMbOP 
ll^i  aB  and  Btarta  tbs  ln|tlBtls(  aatpiasao 
far  ibs  mZACt  turtlnt  on  tb«  X  pamr  BuppllsBi 
tba  bntara  of  th*  fBrious  pwislsp  aad  tba  fsait 
■Bd  opatNtlB4  tb*  Lalilbl  elatf*  flbaa  this 
nqitaBe*  baa  basB  ae^latad,  Jbirtlis  thsb  tba 
BIXaC  ta  raidp  to  apania,  tbn  fata 

OBi 

'  psabiitA  tba  at^  awlteb  tuiBS  tba  BIXM 
err,  LnalBilst  tba  bartan,  tha  p««ar  au^ 
pLlan,  aad  tba  fasa. 


>C  §amr  aapfllaa  alaek 


Tbla  Hinaa  tta«  vn^ar  of  bourS  tbs  I 

aappip  filHama  bata.basa  as. 


latHal  eiaar  a<lteb« 

fbat^  tba  sue  la  iBltiailr  tiau«i  ahBa- 
atsr  tha  start  saitab  la  aparalai,  n  iBitibi 
elaar  asiteb  la  profldad  as  that  tS  spasatar 
eaB  alBBT  tba  aaabLm  altbsut  tunlap  It  sff« 
tba  aparatkab  aalaa^  avltab  sb  ts  apsii^ 
ablt  BMt  bs  aat  St  Oort,  far  Imltlal  sUarlsc 
to  tafea  plaaa. 

Slaatijnalan  pro^w  aaBtrola 


0|  «  prs^aa  sts«  iipat  taniaal  far  aaisati«B 
altar  protna  aabtral* 

-  preafH  pulsa  autput  Itmlhal  far  aalsatirt 
alsar  pragraa  aOntrala 

Ibsastsr  a  prnfiaa  pulaa  la  auppliaA  ta  b 
Bll  aaaaaulstera  art  ta  ac  sill  bs  rtlaaisdp 
Bd  a  prestM  pulaa  will  ba  aalttsd  fran  tba 
aBmapeadlac  oBa  aSdltlM  tlsa  Irtsr*  tor 
ssaa  bwlba  of  aataalataS  trabaasitBrw  a*# 


Osar  Sltab  gbuat 


oadlisrllp  tbs  mpe  will  art  ajisrBts  wktb  ss  of  tba  Aoora  sff*  Ala  la  s 
asfaty  faaturs.  aloaa  THiliii  tba  dsaM  anosas  SaBStTosa  woltssaa.  If  It  la 
ssaaaoBiy  ts  afonts  iba  fllU8  wlU  Uia  JoM  aff,  ibla  sap  ba  bp  boUkb« 
tbla  swltBb  alossd. 


TOitBsa  satsr 

S-^  Toiuu  aalarter  arttsb 

- ly  mMi  tf  till  Ifltcb  ssi  srtsr  Sa  tbraa  pbasaa  af  wib  st  th«  i«s  bsB 

^taw  aopplplbp  llo  'twltB  a>a  W  tba  fUaBst  traaafeivra  of  tba  aariBaa  aita 
Wtr  ba  flBBBlirad, 


!■  « 

<»  prapiBS 


ittt  tsakal  far  aaa< 


■tim  tinmim  UW  U  68  win  W  diststlas  sf  tta  xs  aaid  isadar*  Ssb 
afar  a  ptkias  It  atppllad  to  ■<  tba  IBI  raadar  atarta  to  pnt  s  saw  eart  la  psattlob, 
Aftsr  tba  aart  la  iwad  asd  tba  raUfa  bata  art  vp  tba  osaataat  traaaalttar 
tha  iBfeBBtiaa  La  raadp  to  bs  tabss  ftwa  tbs  asaatart  trwtttsr»  A  sia*  ii 
aplltad  frta  8^  aftar  tbS  oeBttBt  traBBBlttsr  I#  fsadp  a4  aflar  a  pblas  baf  btrt 
isasifBA  as  1^.  tbs  eparrtlSB  sf  tha  essatsbt  ttrtaaittar  pispaaa  aartiola  la 
SMorlbsd  aa 


^  sarallsii^  tha  Badsr  atart  artteb 

CpBiBtloa  af  Iba  raadar  atart  aaltab  atarta  IS  sard  rartar»  Attar  tba  aacd 
bsa  ban  road  a  pulaa  la  aalttad  team  8o. 

bg  ia  'B  taialaal  far  |iB'sU*11b<  tba  laadar  start  awltab  wXtb  a  awltsb  rtlab 
np  ba  amtrisd  ■ayrtina  «Muad  tbs  ttU0  asd  wblab  la  Baasaatsl  to  tbla  tSBBlasl 
wla  B  pnffiw  llM  meb  has  bO  load  bal^  v  bp  nns  of  a  spsalsl  aatba. 


tata  tafe  ta^a,  t® 

©.ta  tata  tan  ”©. 

.  PBlas  lugBt  tSflHSl  for  priatar 
.  p^pgtj^aa  aatpat  tanlBBl  far  printSP 

a  pula#  la  rsoflfad  oa  pi  tba  iBk  puaeb  itsrta  ta  aparats  ud  tbs  prlsfar  ralaya  atart  to  pisk  up# 
A  pulaa  la  aadttsd  m  P^  at  boob  bb  tha  roiaja  bjw  art  Asf  tlaa  aftsr  tbis  paias  la  anlttod  P^  aap  scain 
ba  atlailatad,  but  tliks  will  ant  tasM  s  bm'nuI  p>irchiM  until  ths  first  ta  flal^dv 


Bltlatlac  pBlas  awltab  to  pusbsd  a  alagla  piapin  pals#  (Ut.j 
a  ^ad  OPP]  is  ntttsd  fi«a  x,«  Sla  pals#  sajr  to  uaai  is  Inltlsto  asp  as  tunas 
af  spsistlSBB  art  up  sa  tba  SLk0» 

Xg  la  a  tsmlasl  toe  parBllalSsf  tbs  laltlatlat  pulas  awltob  wltb  a  Swltab 
nifb  np  ba  carriaS  asywbsra  araad  tbs  BRAO  Sad  rtiab  -ta  aoBBSttsd  ts  tbla  tar 
Iasi  tls  a  pauai*  H**  toiA_feBB_Ba^ssd_bQ,  Sr  bp  bsssa  af  s  spsslaL 
sabis. 


■rts:  Swtablaj 


NOORE  SCNOOt  or  ELCCTRtCAL  EaCIUEIRIM 
URIVERSITV  or  PENNSnvANt* 


biTunHC-Uiirr  CBxmL 


PX“9-302 


'rn  vhlch  CM  V  •4i«  e)K.Mtt«  «ilt  pulMS  utl  •«ii>'-tifq  *>er  «»t»  (JCS]  ll  t9 

■>r  »;■  tra-.ret*  t>w>  (•flftlnnl  rwTlr<;d  T)h  >y-line  '4n**  aril  *«  bf  f^er.  urn  «PinaB 

pn  »hf  ftCf‘^|iwylAA  '-h*  >>sollloj<«^l«  ?h4  Mrtllci^)p»  Inr-^t  ^‘icUeii  (h«  »L^al 

*.a  b"  nhon  «i  «i"  9i^ll*eiie«p«.  k  s’ifir.ii  my  lii»  ■:r'«n»r.itlt<«  t»  it,*  ■Srt,"  i»ft  •  l-n*  wfcirt.  h>f  'tf 


Mwitafc 

iHatar  gl»8)r 


Cttli 


fuah  <nttBat 

Quatrol  prorldad  1«  tha  IM 
ki  praviAad  hjr  cormpMdii^ 
battoaa  ««  iBlUallftf 
Vnll  Fnnt  P««l  -  S«»  rai.>-)0^ 


^fb  h^rttpa  f.%?  .\  »»dM  Hay  >r 


>lteb  *ir  it»  ati^LatbJ  ilA,  5eKt«|i 

(^iMMfrr  ch*  f'fb-bvttiNS  r^r  I  piUR«  tliw  or  1 


Ml-  TiiTiilBal  *<ix  tble~  yvrb  bultaw 

OpitraiiBK  «wi>gh 

lA  and  Seat,  »  far  opyatiaa  ••icp^er 

— rtw  UBii  liar  (ar»a  PKta««  nr  opantleft,  *«'««Uil  ^7  tm 

1|  Coat*  -  :b«  ;uV)in  tr4  n\»r  hr*  «u*  renHoj^vily* 

i-  A44«  -  n«  p'i’w*  M*0  ^•an  fcr  niie  aAdld^ri  *(.'■1 
uddiliMi  “.{yrt  1«  puahad* 

1  wla«  -  pulMR  find  ***.«s  fir  -ins  inilM  <l»*  rvr  arjl*.***  atianawr  ?fci  pu^k'tMl fgr  1  jnilER  lla»  or  I 
Rddltiilfc  tlrf!  '.«  pi.-h4d| 

— PoTtoblR  r*if>h  Va'tpns-  my  »ih  iim4  la  rj(ino«*:ca  t^rntnelo  M,  u*  «c4  aait,.  Tb«d»  aar  >*  >»»» 

a  p'^Araif  liu  iC:(9l-..  hac  ao  iqiid  boa  M«<t  that  li«p  pluefad  IVo  Ui«  tomlMlaa 
A  pURli  buttoh  ->ii.-V'r;sfl  \n  lA  paraiJ*!*  Ibo  1  putaft  dr^  1  Add.  push  hulton, 

fuah  -ntwl-fd  •-  1a  or.A  v'«nt»  naafelfi  tt*  /pa^a^«^^  tv*  paruLlol  tha  oporatiea  jiaiepior  avltch.  ?eh»a  Ihia 

a>rlli!ii  li  IT’.*  <v  thr  I  MiXdo  pnaifloa.  holdlnc  dosoA  Ilia  buttM  to  lA  clf*«  th*  1  Mdltlfifi  tLaa 

■Pda  a(  ^opan>}«n«  v^lle  holAlnj;  clwaa  cn*  buitoa  ««gaact*d  to  Coat,  jlvaa  eontlnnoua  eporatloa* 


MOORE  SCMOOl  Of  ELCrTRICAL  ENCINEERIRC 
URIVIRSITT  Of  PENNSri.ir*MI* 

CyCLlNG  UNIT  reONT  P;W«L 

MArCfllAL 

riNtftH 

*cauf 

DrvaiA  b« 

^).^la\KK 

9V0\9i4 

CAecKAa  Dv:  . 

71*  ''-  '//M 

AMIfUaH  Dv:  1 

PX-9-303 

A*  diflt  tcnxlkalt  uti  ts  b«  cnMat^d  ta  til*  di^ll  tzuakii  tbrays)  [*•*  ^  Aiglt  nblvi  far 

troiMittlns  Tt*  ap^milni  of  tb«»*  tatvipal*  i«  gunoMd-by  pr«iM  eoetnla  «r  th« 

4B«aailP»«?.  flbua  dlsLl  bttLa«a  ((VDMttaed  an  a  *wX  (o  nbich  ‘-M  flC  taialani  1b  BDOMctcA  ar*  M.'ntwl  CBljr  If 
thn  BCdi—ilitW’  !■  ptugMM*!  to  naaltt  on  at  }• 

SUltlfllettln*  b«  9?«BRi  ot  tan  my  b«  by  mt»t  of  vblc;'  krv*»p4M  th* 

digit  Sblftbf  mii.\  ^  nltind  ^  -ila't  lnp‘at  t*fWlBblt«  not  la  dlnlt  oi^at  inmlanlBi 

OBloUfn  BM  upbI  tn  crar'Tkl^  l*Ul^ tlu'  B^^lHonaf  TTgUrts  o«{tabi  tbay  air  bn  pln^bd  only 

IB  <11eU  output  t«mlnBlB» 


Iiiglt  layut  ;-*rs  ir.«L3 


Slfflt  output 


TniBCr.ftln  ll.  gl . Itj 

*rog:*m  puloo  Input  towlnnin  for  BOn'btpout 
prigrta  l>li  yuspBctlwl/. 

TOTmlwalB  «>l......lZt 

proaran  puloo  Inaut  wnalnBla  f«.-  lopont 
progyiA  fiobtrolo  VI?  rospBctltoly* 


^aialiiali  5o  .  6o.>....l8< 

Trttfntk  pu\Ra  (output  taminnlB  for 
pKSpom  eontrolf  VI? 
raapactlroly* 


iiOB-raBaat  braaran  cantrolB  1^^ 

rbana  oparnta  to?  «••  aldUion  tlm*  ana  anl^  «?  o>Hpu?  pulsa* 

Sbob  contro)  e^aaiaca  of 

1)  Pmgnui  pula*  Input  tamtnal  (nhot  atimilstad  nitb  pnsrw  pultn  ctuaai  piifrM  eonkmi  to  pr^snei  oparatlon 
in  otoordantr  *tth  Ita  awltah  M*tliiGt] 
i]  oparntloo  awUob 
3)  Claaiu«oiT«3t  anlieb 
bi  Aoooriatad  retoitur  (far  naan  b>Albs  aaa 

jinnaat  nrocf  ossiXsi!  &12* 

Tbtaa  npaent*  for  n  addltloor  rtsap^  "rttaru  *1  1*  tha  aartlnp  of  tbo  rapa^t  awltob. 

Saoh  roBtroi  canalotn  of 

1!  riud^np  pultr  input  tuTnlilnl  «ntM!)  ntlnuiatud  vllb  progmn  pulao  oatHaa  pragcuB  p<3ntrul  to  pmirun  nparatlna 
In  BMordiA')*  «ltb  ita  aaitcb  aattloga)* 

2^  ProttrM  pu\a«  n'itput  taiBlaml  (aaitu  progrM  p~j\aa  Bl  ani 
31  gpapotloa  nwiteiv 
■i)  jl*nT>«oPi«at  auitrb 
9)  Tiapoat  auitrb 

b'l  AaBorlotad  troBiCAlpaJ*  {?ar  n-ion  bulb*  aaa 


(b  nddttlna  tlaa| 


Ip  laaada  B«e«aMintar 


<20  daaada  naauifulator 


V:  AM*  IntorooMMator  euble  (roTtioalj 
Xs  Ae«.  IbtaycoMiaetor  oabla  jbarlBoatalj 

A  indiaataa  poritlon  af^oeo.  intOTOonnactor  baiMonl  load  bos 

KOta:  Soeb  af  tb*  2‘i  pragrM  centnla  of  tba  20  daobda  acrganl >tor 
goarra*  tba  opamtlan  af  all  dacndu  and  of  the  ocMon  pro- 
groMiing  elT^ultp  «f  both  boauMlatora. 


Pulaetla*  bIpSt-  talleb 

If  awltrb  ta  aat  to  SC  (bo  arcwularoF  la  el««tad  abanaaar  a  pTograa  yulao  ts  traqaultt*) 
to  Dan  i>f  Mio  'islsatlvs  elaat  (nputa  of  tbs  faltlntlnn  unit* 


^^IftMTi*  fVr..r>a  »iri«ri 

TMr  srltfb  datarntnaa  atkieb  dsepd*  (If  »ny)  la  olaarad  to  9  Inataed  of  0  abawjvar  tha  aeouM- 
laton  la  dl^RTud  and  en  whl?!;  lino  tna  •ubti'tdt  (uias  la  trBR«llt*d  on  a  subtru'*!  trieniilaaippa 
1>  dma  nrtt  eoiam  tb*  dslrtinn  nf  irnn'dioalfiomt  dlgiir;  tliia  bu«i  b«  dnns  by  eauas  or  doiatnTn 
cxlicb  Ir  pat  to  Of  dniatar  nurbcr  n'otontld  ba  unadt  ate,] 

If  til*  ivttab  la  rat  tr  n*  daeoda  fccuiMlng  friai  ttaa  rlgM]  la  *lsnr*d  to  and  Ibe 
fubt'’oei  rw1«*  Is  IrnnaalttsA  on  digit  iica  U^. 

^ft|ah  «  CO  d»«Bitn  UOeMiuJotor  Is  forand,  tbs  tun  nlgBiriOMt  rlffixa  Bwittbsx  sra  to  b*  'trad  n« 
fotloae: 

fA)  Khar,  y  or  JaSa  slgnlfJenat  fiviras  arc  daaliclf  tb*  lafT  bond  acitcb  Is  ist  to  tpa  nunboi- 
dsairsd  and  tita  Tigiit  bind  swltab  tq  10, 

fl|  Shas  10  at  eaxe  ilgnlfieast  flgarss  art  daalred,  tb*  laft  ptnd  swtteh  la  sM  to  l^^  sod  tbs 
rl^t  hnnd  avlt«)i  aat  an  tbat  tlia  £us  of  tba  tco  swltab  msdliiga  svitilP  tbe  niiabsr  t-f  tlgniriroBt 
Clgurst  deairid. 


^jaoi  ixV  "^SP  Sia 
rsfrut  pr'!<rp'4  ssr.trrls  VI? 

'iscb  pcr'rh  Karana  tbs  nusAar  of  adiltloii  lima  ita  rapsst  pfogna  aaatTol  opsiwras. 


goaratloa  ■dtahss  sad  eioar-aarragt  Jdtohaa; 

naoa  opoteta  togothar  In  tbs  f«lLa«ln>;  iwsaar: 


OBaivtlan  acltab 
sa ttla^ 

Opaxailos  EraotCHad 
b^  apayatlon  aalteb 

uotrailon  omyraiMaA  br. 
alsar-r:arrsek  avltab  If 

tol  to  C« 

cC 

Hsaalos  os  id.  djgtt  laout  taralnal 

A  corraat  pulaa  (■.« 

0 

Rattivi!  car  ^  digit  Input  eamlnl 

sally  ^tad  pvluol  > 

Y 

:^f<‘^lra  oQ  f  digit  Inpot  tamlas] 

plaaad  Is  iba  ■»!(*  daead* 

t 

Ae.'aln  S  digit  Input  latnlnal 

rta''*ivt  ''0  £  digit  input  tsntlntl 

0 

A 

Hstbmf 

^rtnsnU  oa  nld  digit  -Mitrsiit  tsTC*rat 

?hB  aaouipuletar  If  <!aifad 

AA 

frentnlt  tc  both  odd  and  aubtraet  ni^tt 

at  Iba  ond  of  tba  iait  add* 

3 

rni'p’it  tamlsal 

fianaailt  ea  BUbtroat  dlglu  output  tapclnal 

It  Jen  tUc  Of  tbe  ^ngnur. 

MOOtl  SCNOOl  or  ELCrTBICAl  ESCIREEIiaC 
UNIVERSITT  or  PENNSnVkMI* 


/ttcimiTos  reoNT  pwcl 


MATCIMAl 

PINKH 

■M.C 

FX-5-3Q1 


Um  M-sim 


iiAgcLWW 

K(.IW4 


Hvmik  O  ^  O 

•Tf  O  mw  amp 


ia«lH.»lt<r  A<e« 

dear  Swittfc 


Cl*«>  jwttflh 


nBt»r  of  profrtn 
control  t«  nhicli  the  ovltahof 
In  a  flvnn  colun  b*1cn|  onb 
t«  nfalnh  tb«  cemtvon^leg 
BUitei<o4  prottroa  lapnt  Mrt 
pro^fw  output  tomlulo  ho> 
1en#i 


.•'fTO  I  .-r  *  ‘  I 


uiutip«MgtlM’ww»w«wf|wnnwi«hmwM"WMt«tihwhiW 

■•/T***^ 


3  ^  T  il*  5  7^4  f>y*lc*  f -’ll.*  8  7^. 


MUs  ‘7  7  W,*  7  T^i  4  , 

t0r->  r^‘ 


I  4^' Sc  «^^Sc 

©o  ©o  ©oH  HH 


TifWlnnia  U.  81 . ..g»l 

pi4M  Input  tuiMlnolo  for  ptOKMft  ooKrolo 
Nopoetlfolp. 

roiodunla  1#.  ta  4...«....2%* 

procrtii  pulM  output  tomtMlo  fnr  fntrw  eoatnlo 
l>2h  napo«tlool7« 

ftioro  •(«  Milttpllor  progrou  eoptroln,  ouoh  oonetotlau  of 


Pragpow  pulM  output  tomiuulo  uooetotoO  fuppoot- 
Itulp  Vltb  *4^  V.  f,C  OB  tho  B4  uulilpllor' 
aueiaudMU  fiflUftlM  PPltchou. 

an  -  at 

Pruipuu  polM  Quiout  totBlaolo  UMOtlotoA  roepoe- 

tl^)y  ulth  4.  9  ,  rj  *•  c  ob  tho  2^  aultlidln*ii4 
•seuhulBtot  fuhctln  ButidiuOi 


IJ  pn^roB-pulOB  Input  tomipul  fohoii  ottaulatod  with  pulno  muabb  proitrM  eontrol  to 

p^uaTB  ailtlpllohttoa  !•  BccordBOoe  uith  Ito  ouiteh  Rottlv*!* 

2)  prasrv  polBO  4»|tput  (ogiltf  pPQ^riBi  pul»o  on  nwplotlon  of  bultlpllontloult 

3)  ttiltipllor  M0>  neotro  oviteh  1 

i!  ;"•  «*•"  ,  1 - »7.r14.C  ,1.  tkU  cmlw 

e«  .pe,  sucolTo  avltsuf 

«o>  olNur  eultofe  J 


bj  Multlpllor  ate.  «lo«r  cult' 
51  tpiitiplicaad  tee.  sucoIto  i 

6]  nultlplitoad  B««>  olNur  eu 

7)  si«niric«at  fisupop  nwitch' 
f(j  naeon  BVltoli 

9)  produot  dlapcool  outicii^— 
lO;  ABOOCtotad  trnnocOiuOP - 


— -jrserlh^d  flp  rx-^JW 
•-lO<vr)hod  CD 

—for  fie<ui  hulhr  tao  m^^09 


Hi*  btsl^pood  uultlplior  opantoo  In  eopJuMtlon  with  four  or  atjr  odanelotod  aceupulatnro.  Shkja  u«  ttap 
■ulttpllar  0004  (/9)t  tlio  aaltlplleoad  acc.  tha  i.ort-haEA  pOTtLai  produeta  oca,  |pll  and  par^ 

b^B  /J.2)  and  the  rtiht-taand  ptedueta  Bea»  [#15  aad  pvrtinpp  /lH|.  for  a  dlafraa  aliawlas  the  tataa^ 
'•oBBoattva  of  the  blg^paad  niltlplMr  With  tta  a^noetated  aoeiamlataro  aoa  PX-^wjii, 


lAtltlnllar  A»tCW.latOr  ClaaP  Sotteh 

Ihla  ^Toma  ta*  elaarlii«  of  tho  ■iltlpllar  aea*  by  Rdaaa  of  tba  ttaile  eahla  lunaln^  lata 
tba  aaltlpllar  ata.  {«  pltic*lit  ualt4  It  tbla  anltob  la  oat  an  C»  tba  ■uLtlplIar  la  alfaiad 
duptnd  tba  laat  aidtttnn  tlaa  af  tha  niltlpllaatiaai 


iAOtlgllar^eauaatiatof  >aaalaa  Jaltab 

Vhnqavar  a  pTa«rv  pulrd  I*  laoaltad  oa  a  procrau  Input  taHlaal  af  a  stvaa  prodnaa  aaatral, 
n  wlaa  la  inlndlBtalp  autttad  fraui  Be  .  ar  cat  at  all.  aoeaidlBBly  a^  tba  ailtlpliar  aoc, 
funatlan  awl  tan  of  that  pr>«iiraa  aantaoi  la  aat  aaaC-^  «  or  0  raapoMlaalf.  ;baaa  pvUaa  uay 
ba  toad  to  eawa  tba  matlpllar  aca.  to  roeaiaa  tbo  wltlpllor  durlae  tbo  naxt  addition  time  by 
hnalng  tbati  tnneiilttad  to  propoAy  aot  awltlpllor  aao.  profna  oantiala,  ito.  by  ooBACtlnp 
4^  Uf  to  ft'm  profna  pulaa  lapata  of  tba  mltlpllar  aeo*  l#9)  and  lattlac  tha  eonaapoodtad 
Bparatlon  auttaliaa  to  raealoa  eaaC*C  raapaetlvaly. 

It  in  to  ba  nntod  that'  nil  g%  aulttpllor  pvota^  eoattaln  oauaa  puLaoi  to  bo  lulttod  on 
aa  that  only  flao  nultipllor  ac«.  pMciOa  Boatrolo  oro  ronuiiad  to  laeOlvo  all  A  Bltlpliom* 


i-'nlttpl  1  gnnJ  Ao^nawliior  jlaar  6ultoh 

Tbla  op«rat*a  tba  anuo  a«  tba  hultlpllor  nc«.  clear  awltch  ovapt  that  It  lOMzaa  tha 
BlaM/tiig  of  tha  aultlplIcBBd  ucc. 


IfliltljllcMid^eeuMilaitorJIaMlaa^u^ah 

thin  Tti  •'‘*^laiv  tbs  oaua  aa  tho  otltlpllar  act*  raealoa  aalteh  aaeapt  that  It  glto*  out 
propM  «•:  JH  torulnala  and  my  ba  «aad  u|tb  tba  nltlpiloaad  tea.  l#Ui)a 

al^iriMat_f^^>\«fa_Pirttob 


mutipltar  riaco*  suitch 


ptodnot  Dlnpaaal  Baited 


MOORE  SCHOOL  OF  ELECTRICAL  HKIMCERINC 
URIVERSITT  Of  PEHNSTLRAHIA 


HIGH-SPEW  MULTI  PUER  fRONT  MND.  NO.i 


1  WAflRIhi 

1 

1 

•Chkr 

1  1  1 

Pwm  by; 

dEKUKk 

PU.  Itdd 

C*Tnib  av:- 

CtU'fy 

■' 
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Mtarrm 

OFF  QoM 

_  Howor 
°  1 — 1  ° 
Httti  vm 

OFdAjruCb  0 

rrULf 
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■niMiiMura 

if 
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•Jl. 
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■nMbapMUW 

C 

WiflKbbNintlfbi 

WPldMlMlbBl 

IWPifWHK 

10  T  ^4 

II  ;^4 
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'^X 

MbWIFMA 

13/^4 
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Kt^4 
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157^4 
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“®  5 » j 

s  *  . 

vgf: 
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k  fur  ■ 


A  RMltlpLie«tloft  fma  6  l4  Addlclun  {dApapdlail  uj<w  ttm  jsttlas  or  tho 
ploett  iwltclil  iofiXudioc  thf  tlrw  roqulrtd  for  roeoivlAg  MiltlplUr  a»d  mltivlieMid,  bat 
B<r  tqekiidtBg  tin  tja*  roculro^  for  diBgoaol  of  tta*  product* 


AddAtiaa  tU»  «”**>*■ 

tprogron  i»piit  pulM  loeolfBd  *t  oad  of  Cth 
aM<tton  tloo) 


»♦? 


TMltipilir  ud  rMoivad 

riw  mod-orr  puia**  trooaalttod  to  laft-higad  ]wad«vt  (/ll* 
lALltlBldobBd  aeilttpliod  bjr  fkr«l  pioao  <1MA  4*ek4o)  of  Bultlplior 
and  xart  and  rltflkt  bold  oaevRooBt*  brMMtttod  to  loft  amI  rli»t  bood 
produot  OMT. 

Tbto  to  ccmtioutd  up  to  kbo  p>2d  addition  tlM»  vbaro  p  Mttliig  of 
plaaoo  mttah 

Co^XMont  oomctloofl  nra  isd*  ofian  naeofMiy* 

AROWMlottd  loft  Mud  prodwta  art  oddod  Into  ueuank]  otod  rigHt  bond 

TTOdMtO. 

oBiiioi-  dlipoMl  pulHifwilttoil  hC  ond  of  p^b^b  oddltlen  tlsa] 


(PoofioB  output  puloo  and 


atlflcont  riairoo  Saltcb 


Sblo  ovtteb  RHiy  bo  uood  to  gloo  o  onrloblo  roiiod«aff;  tiOiy  •  produot  Alob  io  rouadod  off  1b  b 
HlffOroht  plooo  for  ooeJi  prosroc  oeatrol*  TMa  onitob  doiorno  tbo  oddlUoB  of  5  pulooo  l«to  ibo 
propor  plMO  of  tbo  loft'btpd  pnduot  ooe.  18)  dorlBg  tho  ooooBd  BddLtlOB  tlno  of  Ibo  mltj- 

pl loot Ian. 

tt  dooo  wot  ooptrnl  ibo  dolotioB  of  tbo  Doo*il0iirinBt  dlglto  of  tbo  product  uor  tbo  pjooluc 
of  tbo  iiibtro^rmloo  in  tbo  propor  eboMol  of  tbo  produot  ob  ■  oublcnet  tnoonliolon.  Siuoo  tboia 
vorp  ottb  ibo  oottln^  of  tb*  ilmifleOBi  figurao  oaltob,  tbOf  Buot  bo  tokao  cun  of  at  tbo  aoomj.alor 
tdiicfc  roeolvop  ibo  product.  Ifopoa  So  euaoo  abort  ovocy  produci  1b  to  bo  rouBdod-off  io  tho  oono 
aiortor  of  plBcao.  It  io  boot  to  uao  tbo  rnuid-off  foolllttoa  of  tba  Tl|bt~bOBd  produot  uoo.  |/i3i  l4). 


?bla  dooomo  tba  nwbor  of  pioooo  of  tfca  nuitlpiior  tbot  am  i«  ba  uaad  in  tbo  ■Bltlplleatlen. 
Tho  •iLilpllor  diglio  Bro  uoii  frca  loft  to  rigbit  00  thbt  tbo  aom  s<)9tinoOBt  diflto  oro  uood  firit. 
Tho  plaooo  Mfoirad  to  bro  tbo  ploeoa  of  tbo  mltlpllor  000.  ooiutod  fzon  «bo  loft. 

tbo  plaooi  rMteb  la  eobplotolp  todopoodaot  of  tbo  altdlf^cidt  Clfurof  o«it«b.  Tbo  roBtoo  tor 
thio  to  that  oil  flptt*  of  tho  wiLtlplleand  oro  uood  1b  tho  nultiplleotloa  prooooo.  Ibo  enlp  purpeoo 
of  tho  plCaOo  wlteb  io  tP  Ouar  ^Ino. 


MOOIE  SCHOOL  OF  ELtCTIIICM  IHClMEOiaC 
UMtVEasiTt  or  PENNSTL¥*Fil« 


HICH-St>ffP  MULTIPLIEB  rCOtff  PiWEL  Na2 


adtiRiAi 

riPdf^H 

KdLf 

Dim. 

lUxuaK 


FX-e303 


HC.I9M 


&ggrt^  »pt<  ait»\t  »ifpit  frelnalp 

71i*«e  UfQtfiMl*  tz*  M  «a(-9*ManMtl2r  cOiinaetMl  ta  ftw  digit  Inpin  teaiimli  beta  m  t*ial»al«  l*r] 
af  ttM  pradtMt  af^iMulatoia  1.2^  13,  by  tray*  or  c*h:*si  rot  uMd  fw  yy  S££!^  yijoao,  no  byo  an  ta 

bo  tiMd.  Iho  digit  pulSM  oalttea  fns  thrsa  tominalo  iro  not  •u^ioa  ifoM  frannlttOM,  fr^  bivoifor  toCST 
ySl~Ko  oenooetoA  In  ynnllol  with  ntythlng  olao  ud  allied  hnn  tlialr  own  nalOtoM.  :;ibOO  fiho  M  digit  Ir^at  tonlniLn 
oTTEm  product  neeuBiattAM  omnot  bo  uood  lor  foeoivlaff  imy  otbor  ui^r*, 

Ito  thiftor*  or  d«.\*t«rt  or*  to  b*  und,  AeCuBolotcu*  II  nd  12  MO  occiniilotOM  l.t  and  l4  nn  polrrd  whan  noro 
than  ei^t  plato*  la  doutnd  1&  tbo  pruOuet» 

fha  load  on  thoaa  outyuta  wat  bn  hopt  la  anall  aa  pooalb**.  Kocoanoaiad  aintlind  --4  nowaoctlow  lat 


I.K.  ^I  djr  opoclal  rablo  to  iiteunulotor  U, 

i.JS»  09  Hy  abort  oablo  to  tHiy  (only  no*  ttay}i  and  abort  eabl*  to  AouiMalator  19, 
K(X>  0  i  hy  npoeltl  oabln  to  haeiMtlntor  13* 

KJ[.  0  2  Similar  to  ]  .g.  /2  ood  Aeoumlctor  U, 

I  ■  Plslt  .output  7011111^  for  raitlal  rroducto  ■ 


Soo  aMo  dTawiKS  P3K(>-Jll 


1°  °l  rar?s*  I""  ""I  1° 

mmuKomwl  hnwiNgMg]  bMjggjgl 

aay>i*iBi"»iaiiMyii  mmiaaiiwi  wnjiiriHMai  lawtiiiiibaiyw  wwwwwm  wuBnoMataiw  itrK&i tMiBiig 

i^i  '^i  liH 

'«s»,  "“T*,  wa**,  BT.,  ■ 

v^;  J^_ 


»-acB  »»ac  di^aei 

I  *^*|| 

tomloala  V»IgC 

rrogn*  autpot  taiatiiola  aaaoelatod 
raapootltoiy  with  a.  Sp  ASp  itCp  sc, 

ASCp  M  product  diopsoal  joltohp 


jii  •  dc 

.’^5. 


Tomloala  tt,  ^  f_ 

progm  puiaa  outout  toslMla  tot  tranaeittlad:  palaaa  uaao  la  tbo 
pyocrwHlns  at  oaOh  Bakltlflleatkaaj 

£6  ^  A  progroB  puiao  la  Miiltoa  at  tba  aitd  of  tha  p^M  addttloa  tlao 
ir  tha  BUltlpllor  la  aa|aClt«.  flaBl-t»oiBaBoat  ooaUfitlOM  Miot  bo 
oatabllaMid  ao  tbBt  this  puiaa  prograwn  tha  iBiltiplloBSd  aCC.  to  tma> 
alt  aubtraot  aad  Mat  rldbt  hoad  product  ootuauloior  T|#13^  tc  racolra* 

HB  *  A  pMgTM  pulan  la  onLttad  at  tbo  tad  of  tho  p<f  2d  addltlna  tlaa 
If  tha  jBiltlpUaaad  la  aagatlaa*  SMl>p«»noBt  aonBaetlona  aiat  bo 
oi*tabllabod  ao  that  tbit  pulo*  pngma  tho  aailtlpiior  aca*  ^ 
traoaadt  aubtraat  aad  tha  left  aiad  partial  pcoducta  aca*  I  (^li)  ta 
rocaitw* 

?  •  A  progfwi  puiaa  la  eolttod  ot  tha  agd  of  tha  p^td  addition  tlfta» 
pnal-ponwiBaBt  conasctloaa  auat  b*  oatcbHahnd  *0  tlint  tbln  puiao  pz»> 
anm  tlia  laft  hand  partial  produotn  aonuMlater  fAl»  ISI  to  trannidt 
■dd  (without  ahiftlngf  and  el'anr  and  pngrann  tba  ri^l  hand  panduet 
•oawwlator  ^13*  1^)  raoalva,  or  tieo^roroa. 

ZSSBlHlfi 

Kaeolnr  eothaiW  folvowor  b»rfnr  output  llnoa,  ?b*sa  cm  to  ha  uaad  t? 
pragTM  tha  pmliiet  ate*  to  rnualTC  tho  partial  producta*  'Ao  following 
*wl>^raanont  eunnoritlona  er*  to  ba  eatablinhel, 

la'  \  la  to  IM  Runnortad  ria  ace.  intarcobHOtOr  tibia  (ihlltij 
into  Uio  Intanonnactor  cajaltald  ipj  and  Jja  nf 
laft-haad  partitil  produntn  eea,  Z  (/ll]>  Aa  iTdlalt  inpM 
tnnlnal  la  to  bo  wood  to  iwoolro  tha  pOrtlal  produota, 

3,  r  in  to  ho  niBllorly  I'oiuoetod  into  riyt^and  product  anciani- 
lator  I  (^3)*  LibawLoOp  tbOBrdlglt  Input  tominni  la  to  bo 
uaoii  tn  iwMlon  tha  portlol  yfodueiai 


Twit  Tnavslb  Ohl<  To 
Carry  The  Ppovucts  * 

And  For  No  Other  Purpose 


Note-  HoRizeUTMk.  Linn  Amve  The  Umiti  RcPmsint  Di6itTnmts. 
Tme  Dotted  Line»  RtPROEOr  TRoii  Which  Need  Be  Ucco 
Omlv  Wmcn  ZO  Diait  Products  f)Ae  feuAP. 


MOORE  SCHOOL^ELEaRtCAL  ENCINEERlN^ 
UNIVERSITY  •■'PENNSLVANIP 


No  Load  &o<eo  AweTaBt 
U5ED  OiiTHeoe  Linc9 


iNTtRcaNNECTieN  Of  Ml<lf6PCCP  HULTlFLIC^Vt^ 
flsSOCIflTED  ficCUMULnTOfiS~  PX-6‘3ll 


Thin  lap-it  ii  optit  mi*  iwospHo^  af  tlih  tin^lClt  irffMagt  di|-Kf  KIm  9n6  Ad«it1«i 
*>»  Jii-  vnic«  in  on  )iaa  /,  Uie  «•>!■  T<Ue«  no  Up* 

ShlTtera  |P:H»-104)  sJioull  ha  upa4  la  %l«ts  Ipwiphl  la  p4ii#t  th^  hTS'Wo?  If  It  '•wiia 
ftiB  a(h*r  4a«4<taP  than  tha  ViA  ueh.  Th«  »tli«r  lioaa  of  thia  VaiMiral  kfa  imaaii- 
BActad,  «a  a  da:.»ta7  la  aol  ra<iiitrad» 

Tha  i«/*'jkrjJ,ahor  IraMB'.is  tlw  aripibmir  nay  ho  pirag?«iu>d  r»i  laMiitaLe  IS 

and  C« 

fhhettnr.  ,,alp  •BitonatlJtlly  rlaeip  U«  arniMint  bI  tta  and  #*  aaeh  epas«r.|ap. 
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1 

Thar*  art  tlaiM  pnn^iiitk  aontraln  at  **<b  fMallcc  fetbla.  Bach  progr^  aatTral  coulata  af  • 
froovm  rilaa  inpiil  iannlfial  {Alah,  alMn  atlvilatad  Mth  »  profnA  ful***  B«tw*t  tha  pngna 
MBtral  ta  pngras  tha  loaktiii  ap  at  m  fuiietlan  Vtlaa|,  «  pre^ae  p«1m  aytput  Wrataal  (ahlih 
anlta  a  pulsa  m  cai^atlaD  af  iW  efantSaaU  ^hs  thpaa  awilahaa  daaertbad  haliMi  ant  an  aaaaeittad 
tyanaealaar  (far  raan  hul-ha  aaa 


Arataiaat  laaajt iaa  awltth 

Ihla  Btflceh  aparntan  in  aaojunatlat  ailh  p79gr«B  pulaa  aulput  toiAiiiaU  HC  tnt  t  ant  amj  ha 
naat  ta  pragnB  ar  aacwiittar  a?  aeoiaailatayB  ta  trwittlt  tlia  ■* , 

A«  tha  and  af  tha  lat  attttlan  tint  a  pr^cna  ptilaa  la  witttat  fra«  KC  or  C  If  thla  twLtah  la 
tot  on  irc  ar  C  Eanpaatlaolf.  swl^tnttntflt  aanaaetlana  any  ha  aatahlithat  hp  aMnnetlnp  RC 
U  to  pzogran  Input  taialnala  af  tba  nt^bAat  atauBklatar  ant  aattlng  tha  aarraapgatlaa  aBaratlaa 
aaltehai  to  tTVoalt  abd  trwi«9it*aBd  claav  raapaatlaalpa 


dparatl on  twltah 

Thla  aaltah  datanlaoa  ahathar  tha  funettaB  aaliit  fa4d>  aB  Ita  coalBHift  tauhtrnat}  Iff  tiaan^ 
mttada 

It  nlio  ditafnlaod  lAothar  tha  funatloa  taliM  af  tha  arvinant  roiaifai^  m  tha  funttlan  aniua  af 
OM  af  tha  nai4^hariiiR  annintata,  it  trunlttad.  That  peHltleu-f,  «1,  o,  fli‘+2  siffh'ffh^l. 
ffa-lJi  f(h),  f(n4l],  vaapaatlfBly^  ahan  a  la  tha  ■rfniiam. 


OaamtieB  laatat  apltah 


Ihla  Bvltth  dattmlita*  tha  miiAty  af  tlaa  tha  faaatloa  tnlua  It  tznanlttod. 


Rata  that  4  ndilittan  tlw*  m  (agultaa  far  tha 
tU«  Thlt  Xaaa  af  itaa  mat  ha  tnktn  aaeauitt  af  la 
talua  af  tha  fwnetlan.  fhui  If  that  Mcunulntar  U 
tha  fhfictioh  tahlt  with  tta  rapaat  awitah  sat  ta  9, 

5  ttaaa. 


fuBotkan  tahla  ft  up,  saaaita  tha  nTgumat., 
prefrmntBR  tha  kaeimilatnr  ahtah'  vaaoloea  tha 
pmiiMAid  «kth  tha  amt  pulaa  that  pm^wH 
It  aauld  raealun  tha  ?alua  af  tha  ruHttPB  oaky 


Tamlntla 

pr«>;?«A  puktq  Input  tanlnakn  for  pppfran  oontnla  k-ll  rujpaatltaXy 
>rBiahl»  l£_|_?2-JAiaaiii5 

pzogran  fula*  autpui  isn^laaln  far  pmgrm  osntroXn  I-ll  taapaetiarLy 


Tankaa^lC 

rntm*  pulaa  auiput  taxntanl  aAM^ 
aiaiad  «lth  RS  an  argUAht  ta«aptloB 
awlteh* 

famlaal  C 

Pra/pnapulia  auput  tamiiMl  sai^ 
aiatad  with  c  an  *fgi— at  Jaeoptlaa 
■liltah* 


Tlw  S^hadala  far  fnaotlan  Tahla 

WdUiAfLl^l 

(progran  toput  pulaa  ra^luad  at  and  af  0th  adlttkei  tlm) 

1  •jlraulta  rat  up 

2  AfS-rtr^t  ffuaaloal 

P  ArgiawTit  nodlflad  hy  tho  adlktloa  af  0  to  4  pulaw* 

At  i4lh  puksa  tlw  pArtahla  runntiaa  rnhl*  starta 
ta  up. 

h  fueotian  thMa  firlahua  aaitlng  -up 

J  Valuo  »r  fikVllsia  trana>'Utte4 

1;  la  eahtisuail  'ly  to  tha  altittar.  tip*,  idiara 

r  !«■•  ih*  sotting  af  tl*  fmrl  Lon  ni|Hal  asttsiu 

{i*r'.g7iM;  ou*pul  mUtoA  rt  and  af  r^hth  af-lltitr.  tln*l 


nooti  KHOOi  or  (lictoicm  lacianniiic 
umvEOSiTV  or  riowinmiiA 


FlMPlOWmC.  FBOMTHWO.  Nai 
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1 


KJW 


PX-7-302 


•liMtir  n\  twilit** 


ruAetion  •'gtptft  tandimlA 


rm  of  mrltohoe  an  portnhln  funetlon  tnbln  ihavtno  ’’■^lenotloi  to  funfitian  auipsl  toTaSiiali. 


ild  LlJM  ft  Li«*  *)  LlM  4  LliM  «  LiB*  ?  liM  1  liM  6  tin*  5  Ll&f  ^  Lint  1  ;L1I|B  9  LlM  1  11(2 

rw  •  poatttvo  ntiatar,  »wt:  K  to  )»  ar>>t  Mt  IK«  nuriMc  an  kha  iwltflMa* 

rar  ■  nofatlv*  nisrtmrf  not  FU  ta  K  btsA  s«k  tl>o  fganltawk  of  klio  nnnba^  «j«U  ranpaet  k«  Ic** 

on  tiia  •witebaa. 


ywwatlnw  auteak  komlnnla 

TDa  dl4;lr  iw^traaovnios  tbn  *Mlun  of  Anotion  an  krAnnairtad  fnn  tfewa  MndMln.  A 

aiflmtkIOA  at>pa«r!<  TF|«««  knnUAln  «r*  la  i>s  aonuotad  to  tha  di«lt  innlin  (trtjra)' 

(Mf  ■'V7-3i>9l  by  *-rto  dtgli  enblea  tot-  cnwi^laaian  of  taa  fnaaklon  ntu*  to  saotbor  ult  rt  tha  miAC* 
It  Lb  \a  b«  nntad  tnst  kllo  dtaLdtOR  of  cbo  a*«dBk  eowtaet  dl<lt  awltabaa  nml  kht  12  runetlon  tnbla 
arttrtos  Inf.o  f.'ka  frOwa  A  tl  wu  ■»  or^ltrary  o«a,  mid  bp  ■aana  of  npacSal  adaotora  (nc-b-110)  tboaa 
can  ba  rapMupad  tn  wy  MWiaf* 

?abia  alKWlriji  c»anactLoBa  of  aatynit  tomlaala 


TonlralA 


tamiltal  B 


IP.  r^^Ad 
U  >M 

10  ;■BiUla■a  pian] 

9 

i 

7 

6 

I 

1  {TfnadNda  Flaaa! 

2  {Taoa  Plaaa) 

1  (UnlM  nma) 


^Lnund 

m  1 

CBBOtMt  digit  awliab  Ab 
;oaatant  digit  aottab  A« 
CautnM  digit  awlteb  A2 
caontaftt  digit  avltab  A1 
!•  m  pulaa 

M  Igubtriat  pitlaa 


i| 

iifi 


fiB 


l&uVtraet  palio 
ISuAtnat  pulaa 

Isubtraat  puUM 

aiAtntk  ptilM 


awli  »b 
awltal) 
a«lt«h 
awl  tab 

Bwikah 

awlkab 


AlO 

d? 

if. 


il 

A(> 


Qcoand 

PK  9 

Canataot 

Caaataiit 

Soii«tant 

fdoatmt 

s  ^  t 


llh 

lift 

^  b  «>  «* 


digit  HoJtah  3*^ 
digit  awllaH  2^ 
digit  Bwltab 
digit  (Wltab  V 
dubtnat  pulta  nwltob  H)'* 
dutkrin  anlaa  avitch  V9 
Sabtsaet  puLao  iwlieb  if 
?ubtp»^t  ptilBa  awttaP  17 
Cubtrart  pilta  iivlt'''« 
Sttbtraet  ;iiil*a  aaltoii 


Irtitlt  •■lajata  awliab 

;0:fn  thr  -Itgit  dnlata  La  aat  tv  dolati  tba  aovntant  digit  awltsb  la  dlanaaMotad  praw  |ta 

fUnetron  taalnol,  'itha-rwln  It  la  laft  eongaetad, 

3lgttB  whlcb  4tw  cndtNBt  fbr  tlia  awlnoa  of  *  AoKtloB  way  ba  Mt  up  on  iha  aonakant  digit 

aw]l<J.aa« 

If  tbaaa  anltahot  arr  aat  to  WL  or  |||2p  tJio  oatputi  of  tba  oamaponillag  jiaatar  W  ?aLi«has  aro 
fad  throuid^  tbaaa  awltateaa  to  tba  output  tamlwlf.  Thla  fagtan  la  utad  tAan  aosa  of  tun  loft  band  pLiean 
of  «  I'uaetloa  with  both  ponitiao  and  mtatlvn  a«Jua«  afo  narao;  tbaaa  awltchaa  than  auppiy  aana  whas  tha 
tnnawlttad  nufikar  la  poalklvw  and  kiaata  whan  tha  traniMltkad  niatbar  la  na^tlaap  thvi  naoldlng  tha  uaa 
of  ililftara  at  tha  noalalng  tamiadla* 


oiHiakaaB  dlitlt  jwlteh 


ruhtnat  oMlM  aaltat  • 

B  aubtimat  tranMt  tbaaa  nwltahaa  faail  a  HuMnct  pulta  onto  tbalr  eorroapondlng  fUBctloa  output 
tn'MlTiKl  llfiOB  If  thnp  an  lat  to  &•  Ihua  tha  awitah  OArraapOBdlng  t»  tho  uaita  digit  of  tho  fuMkleh 
ahnitld  ho  aat  tn  g;  tha  otiian  faadlag  ogta  tha  anaa  digit  tnak  ahmld  ba  aat  ta  0« 


BOOBI  SCMOei  Of  ILICTBICAl  ENCiaitaiafi 
UniVEBSITT  OF  fCNNSTlVAIIIA 


FUNCTION  T«Bl£  PROMT  fWIEL  NDi2 


M*rciii*k 

FINISH  1 

ICAtF 

Drpivn  bp: 

jLEianK 

PO-IM 


ffx- 


1 


7-303 


(In  dlTldlae  tb«  (nw  AUBanfeos'  or  «u»ii%Ujr  M  bt  (in  divukibt  th*  daiiMlBirtar 

<tit9tL««t  tn  tuUk  i^en-raatnA  Sk  «.»  \m  flM«d  ia  to  bo  plnead  lian.  ]a 

up  biin4  Tbi#  MO,  bar**)  bi^m  aootliic  taleo  tlM 

i»  Boi  U«B4  1b  BVlBrH  H»M  iB  Built  Uf  llBI«a) 

BVlUfa-rOOtiBfa  ) 

IBktU  Ah  OBblBBt 


(X) 

M 


(ieouttulAtlia  lAtBvrnBBBBtCT  obBIb  ^4unii«ut| 

Mb,  UtBroomoctor  enbU  («tBiMa.9.k.) 

«AC»  intBreuBOBotor  «Bbi«  (alilti;  jKC^199> 

SBBiidBrd  dicl^  cbMb,  ultb  B^vptBn  rdl?iBBr|  pluas**  !■««  MTBlMl, 

dtBndexd  digit  «BHiBa  Wltb  mUffra  (AlvidB;p|  (n-VllN)  fUggti  loto  proiTM  tBialma* 

Acti  iBtBreasBBctor  «Bblo  (diTidBt) 

Txunk  tB  triBHlt  «lslt  pulH«  for  qtootlBtt  m4.  aquaxo  root. 

truBk  iB  BOt  IB  >■  uBBl  far  aor  otbor  pwrpBOa.  aiiiaa  tba  pulaaa  aaittad  aro  w>t  Hiaallad 
rna  traonalttan  aua  nSuivartar  tt^B~iai6B  oaBnOt  ba  coaaicted  la  jiaxaUol  wltb  aay  thing 
alia,  Tboio  Intartara  Bata  agalr  ofn  load  iaBiaTaT*r*b  Aa  load  boa  la  to  ba  uaad  In  BomaUob 
■Itb  4«a 

Standu^  digit  tfunb  (irttB  load  bag)  ualng-fi  ablftar  la  oC  input  of  tM  ahlft  BBawaatar. 
Standard  digit  txtmk  tranafar  (vlth  load  bax)» 


>ialr.al3  :I.  21 . il  -  Xotariaek  pulaa  input  taxniaal* 

If  tba  Intarloak  awltah  of  a  (Ivan  program  control  la  Mt  et  lu,  that*  tamlnala  nr*  net  usnd. 

If  inlatlae)?  awllcb  la  act  at  X*  a  pulaa  Mint  hnn  bpoti  /acaitud  co  a^  intaclock  tofoinaL  aifiea 
tha  laat  noB«lntariaeli  a9anitl<<n  or  initial  claarlBg  of  (ba  dlvldar  bafara  a  prooran  oatput  pldir  in 
anlttad.  tba  iatorlosk  piilne  Bay  bo  a  progran  pulaa  or  a  di;ilt  pvlta  or  puinos. 

taw^lnala  lo-  2o.« . -  rroorM  pulna  output  tnralciala  for  pranrua  fscatrolp  l«d  raapaetival;«tollk  pro- 

£rm>.  pul—  artor  butb  ttw  nparatiro  U  oa^lotad  and  an  Lnvorloak  pul«a  il  raog  oad  |Lf  iMOrlMk 


nara  am  olgbt  dlvldar  iguara  Ti>';tar  pragma  eoatrola^  vmH  eonaiatlng  af  a  progna  palaa  Input  tamlnal  l^tabr 
oban  ailnulatad  with  a  procran  pulaa,  oawoa  tha  pio^ws  Coatmi  to  progran  an  aparutlan  ,  In  a-icetdaata  with  Ito 
oolteh  lottln^l,  a  prugraa  puloa  output  tandonl  (ublrb  ooita  o  progran  pulao  oa  ecnplatlaa  of  tna  aparatloBt 
Inaluding  lafinioekiaf)  tha  aliht  pwltebap  doaorlbod  bolov,  aad  an  aapoeiatad  traaaoolvur  (for  naoa  bulba  aaa 
r:p-l(K3C2]« 


/ 


4SSm^llgX  arltoh 

TMa  gaoorM  tba  olacplqg  of  tba  jaanlado?  by  Mans  of  tha  atatln  fiabla  TuaalBg  into  tba  Buaomlar  a«r«iatar 
IH  pla^la  UBlt«  if  Ihia  raltoh  In  Mt  on  C,  tbn  maaMtar  acevaulatop  In  alaarut  of  ita  racainOar  durlne  ttoi  laat 
addition  tlun  of  tha  dlvlaloq  or  agaaiu  root. 


rrator  MBUMOatBr  olaor  aultab  axeapt  that  it  gaoana  tba  alanring 


ttaa  aatii-paiBBaant  eemttiooa  am  eada,  thia  aoltob  prngMa  tba  uaorater  aeauniiator  to  hUIob  ob  tha  oC 
and  0  digit  input  tamlaala  during  tbn  ftmt  addltlea  tlna  of  tha  dividing  or  ndOnra-motiBg, 

*l******Hrmn  PMt  tmulrtar  wl— >  anlttb 

TUi  avltob  aparutai  tba  aana  ai  tba  wm 
of  tha  danMAnntar-aqunm-mBt  ocauailataP. 

iSigat^i^lggglpgaat  dvawnilotor  itaealoa 

l^n  ami-pawiwut  ooBMetloaa  uu  miia,  thin  anltah  progoam  tba  daaaalnntor  and  aqiMm  root  ■nruMliliii  tn 
racalm  on  tha  id  and  0  digit  input  MiialBBla  during  tba  flm  addition  iino  ar  tba  dloldlag  or  aguam-rootlagi 

lund-Off  snltah 

^  .Mt  to  ttl  thla  t«lt«h  aiuvao  tha  aaanar  ta  ba  roundad  off  in  tba  laat  ploMp 
Ifotoi  itia  Ami  tba  nuHbOr  (a|  oparatad  oa  am  luah  h  ta  glva  n  ornct  Baaunv  thla  aw 


tha  canuvt  ananor. 


anlteb  aiut  ba  aat  to  go  to  gtm 


K 


_ a^SSi  !S£  yiacai  Sniteb 

Tb|a  anlteb  aaleata  nhteb  pxueara  la  aarrlod  out  and  tba  rmiter  of  plaeaa  (Aountfag  frea  tha  10th  doeada  I  o 
tha  hlghaat  piiaal  of  tha  ananari  * 

HOtat  tho  digit  aaanar  a-itput  (arwlnal  to  ao  wimd  that  tha  aaanar  la  built  up  atartlag  in  tte  9th  dooada  (muntigg 

ftuB  th»  rl^t|.  Tor  ordinacy  aptmvioa  tba  atoamtar  (ar  nunhar  to  bo  rostadf  and  danonLaaMr  aheuld  ba  plaead 
m  that  thorn  la  a  0  in  tha  lOtb  doeada  of  thair  aoemtlatorn*  XT  tho  go^r  to  ba  matod  haa  at  odd  (ema) 
cu^ar  of  platae  to  tba  left  of  tha  daoioal  point  it  ahould  ba  placid  po  that  tba  loft^and  digit  la  In  an  edd 
(aonal  auabarvd  daeada,  Hanoi  tha  aaanar  nlll  hava  at  laaat  aaa  plaaa  lata  than  tba  patting  af  tbt  plaaaa 
■nltdh* 

ntarlooh  Snitch 

fhli  aMtch  ia  uaad  wbaaar'.r  anothor  aparatiao  ar  aat  of  Dpimtlonc  la  parrlad  k  alHtl(a&*;iu«ly  with  tba  dlrl- 
alcn  or  aqmrw»mot  Lagi. 

AB  avamgi  diritJop  (in  uhir|;  tharp  ia  u  mm  In  tha  10th  daoai*  tba  MtMap  asekujiatbr|  ar  ■tuamBmatlag 
takai  13P  ad'lttloa  tinaa,  nhare  p  !■  tba  ratting  of  tba  pl.«eao  anlte;,. 

if  latarlaeklng  la  afvd,  and  tha  intarlnak  pulaa  arrtvaa  afear  tba  <iraf*ttAb  bai  bnvr  daopXalad,  a  prejm 
put  pukea  la  coittad  dttMqg  tba  lae-ntd  n4-*lvioa  tl«a  fallonlnj. 

tfiamr  niaparal  mltab 

fair  rnltsb  tey  be  uoad  ta  progroa  traaawlavion  or  tua  guatlaat  or  tulaa  tba  aquoiw-ropt  during  tba  firac 
addltloe  tlm  rqurning  tba  rAmpLatiea  af  tha  spamtloo.  Ttai  pmrriM  aoaeml  output  pulaa  nlil  thin  ba  urad  to 
atlKiiatd  that  unit  of  tba  nrXdC  ahieb  in  ta  raeafm  lha  nainar, 

paaltlou  1  aad  2  am  nonHlly  uaad  to  govarn  ttia  quotiaot  aaeuHulator*  Tba  npantlan  tbay  parfura  la  datai»- 
alood  by  Bdaptrr  (divider) 
iPii-MU).  Tbw  if  n(-X.lll|b 
in  li^ad 

!>laAanvl  1  «  Cauaaa  quotlagt 
aai,  to  aid  tranmlT 
Oirpaaal  2  •  Causar  gvotlint 
nee,  ts  add  tranaglt  and 
ciav, 

rilAilarly,  paattlnni  1  and  <1  am 
n'lmaUy  uvad  to  govara  tba  da* 

Boadnatama4uam*nMt  aacuoulitor* 


MOOtC  SCMOOl  OF  ELECTKICAI  CNCI«CC«lllG 
UNIVERSITf  OF  MhSVLVAHIA 

PTOEP  AND  SCUUBE  RWTK  rCONT  PANEL 

MATCMAL 

•TdLr 

< 

Dpwm  bp: 

J.EteLVKK 

KC.  I9^d 

ania 

.  hMTVnaO  w$’. 

PX-lO-301 

Diotr  Tn^r  h//r/i 

Load  Box 


/Vo  Lo^o  Box  /s  UscD  Ort  />//j 
Txxr  Which  C/?/P/p/^j  /^mses 
fe/^  7h£  /4/vsK/x/r  ■  /Ve  OrHX/* 

L/H/rs  /tjfx-  To  jBe-  Cohx/£ct£X?  /nra  /r. 


r-0 

-■D 


□  □□□□DD 
□ 


Quotient  flee, 
(•Z  ) 


□ 


1 


eba 


Divioek 


4  Square 


Rooter 


(rr 


■+■ 


DDQDDDO 

Q 

^5^/  0 

Numerator  flee. I 
(*3  ) 


DDDDDQD 

n  (Used  ForZOPkit  n 
^  Numerators  Or  ^ 
D  Radicands)  D 
Numerator  flee.! 

) 


DDDDDDD 

fo"'  D 

Denominator  4  Si^unRE 
Root  ficc,l(*5  ) 


DDDDD 

QtUSEDfoRZODi&rrQ 

DEMOniNMTOM) 

D  D 

Denominator  fSbuRREl 
Root  Pcc.JiCjSJ 


DDDDDDD 


Shift  ftcc.I 

C?) 


QDDDDDD 

glUiEDfoRZODKiiT  g 
Numerators 
0  Or  Radicrnds)  D 
Shift  flcc.E 

C*8) 


Digit  That^With  f^a  l_ qaq  Box 


/r£/T 

0££c/i//>r/o/v 

Rceer  To 

ST,  \ 

•S^/j 

AcctlAfOCATOA  //vr^HCOH/YCCTOA  TcA/AIHALS 

PX-F-/OF 

m 

0/y/a£H  t  SoiiAAe"  /foo7-£/r  Phobaamhhho  TIe/thihals 

PX-I0-/O5 

d 

^AEC/Ax.  Caahe  From  Qiair  To  ST,  t  SU,  Oh  Quor/eHT  Pee. 

PX-  /3d 

B 

AcARroRs  From  SU^  To  Oi^it  TraY  Or  From  To  Digit  Tray 

f  PX-  4  -  t f4A ,  A  d  AC  Adaptor 
APX-  4-//48j  a  t  S  Adaptor 
\pX-4-//4  C,  AC  4  SC  Adaptor 

Sr£c/al  Caslc  From  Digit  Tray  To  ST,  d  •SO,  0/y  F/ys  Denom.  4  •So.  Poor  Ace. 

PX-  S-  /3^ 

£ 

Srec/ax  Carxe  From  D/s,r  Fray  To  ST,  4  SO,  Or  Fhe  Sn/Rr  Ace.. 

PX-S -/3F 

F 

Srec/ax  Cable  From  SV  To  ST,  $  SO,  Oh  The  A/hmerator  Ace. 

PX-S~/37 

Moore  ^chool-^euktrical  emqineerinq 

UNIVERSITY  PEN  NSLVPINIP 


InterconnectiomOf  Divider  I  Square  Rooter  With 
iRsSOCIATED  RccUMULATORS'^  P/"IO'3Cl7 


3laH  teitmt 


tbM  Tl^t-haad  hiir  if  «irx*  «r<(d» 

U— 


m  (of  L] 

Billleit  pUm 


IlNMlTIldp  plW« 
mip  plM* 
C»itl  piMf 


<liH  IPfi-ftani  t 


»  <«f  L) 

TsD*ttiogMnitkfl  pXvc* 


7«M  plMt* 
Unitk  plM« 

naVhliit 

NAlhiti 

Mathiiig 

K»«Uqg 


■iljfit  rlAt^aai  mwinp  til 


»  JofBJ 
5M*  (nf  B) 

nr  (vf  fij 
nr  far  n) 
nr  («f  jii 

ni*  (Of  B) 

T«n-tluMiBuMtUv  flaea 


•ntuf  w  pu]*M»  ar*  tTiwuiplitod  on  tMaa  ilnaa  «b»a  tiia  ocnatant  !•  poalfclWf  9  puiaaa  h^iob  St  la  a  jOHp]iwat«  llaQ'>a  U  In 
racainag  afeunuiatoo  to  t>»eot«a  tkln  atv^taal  intu  tb«  aolta  to  tna-thowanilp  dioadna  af  cltat  acewaklaktor* 


taaa  pla^a 
VBita  plae* 


taannaar/  to  at*  «  ihlftar  aa  a 


WATIK 

OFf  0°" 


O  ^.iOaMl^ra.^  O 


NnM.tMrn  n 

'  PMiii  n 


’<313. ‘®?5i 
^3  ®I3  '€H 

tea  ^ ^  ^  ^ 


C*aiftant  aaleetor  wwltcB 

3^aarai_ZajingatiQR^f^aa_>»eiigtiftt^5n9M!lttj|r 

tba  aonatant  traamttUr  hot  a  aapaaitp  of  100  4l«lt«  aad  90  nlflon*  7ham  be*  dlTldad  Into  io 
|Ak9,*,,.,9,  XrX»)  omK  aoaaiattnc  of  10  dlflta  nad  9  alaw*  of  tbaaa  ae«»  (A,Bp,...a>  ar«  aiipfliod 

tn/tk  ZBU  oarda  Ihroii'jh  tim  roadar  ifbaa  propar  aooaaetiotM  an  mOo  an  tba  SH  raaOB?  ping  boaiO  faa* 
Kl''U-309)«  IVa  nf  tboaa  aata  (/pX)  ar*  auapUBd  fnia  th*  toaataBt  aot  aattctaa  bdO  fU  nat  avUebaa  or 
ptnol  2  (aao  n-ll«9C3l« 

Ba^  ant  iy  bt  CUrtbar  dlvldad  Into  toa  groupa,  a  loft^Mad  proup  aed  a  n^t«haad  fEOupi  aaab  nao- 
alatlag  af  9  dIgSia  nnd  a  al^L*  This  0S*laloB  nut  iwaln  flaai  khrno^ovt  •  alvan  aot-up*  Fo^  an^Bp 
If  tba  c  ant  ii  <tt*1dad  tut*  fi*B^ielt  gBupa,  thao  aay  or  *11  of  tb*  oo^ataBk  aalaator  mtltcboa  7  to  19 
m/  b*  aat  tc  C.  ar  C  bat  nat  to  Cyj*  Cmvaraalpp  if  tba  B  «t  la  not  dlTlAtd,  than  nay  or  olL  of  tba 


mf  b*  aat  tc  C.  ar  C  bat  not  to  Cyj*  Cmvaraalpp  if  rba  B  «t  la  not  01*1 
ROnotab*  aalaetor  aalTebaB  13  to  l^Mp  ba  a*t  to  Ij.  bat  oat  to  1.  ar 

An  JK  raalar  la  gragi  wiail  froa  tba  InttiatXBf  alt  (a«o  FX>9«3n)i 


plu^oanl  am  dareribad  a  Fj|-iX'-309« 
eanattat  granaoUfr  Pioiiiiin  CnntTolp 


Tba  ZH  tnodor  ooatroli  and 


Aara  ar*  30  eouCnot  tnuiaolttor  pxogra  eeatrala,  aaeb  c«p«bla  of  tTaoMltkiac  aartala  af  tba  aa^ 
■tMita  Ofar  tba  digit  ootpiit  tanlaal.  only  ao*  nraya  aontre]  aaa  b*  uoad  at  a  t|«a,  banaa  enlp  oaa 
fiwbar  nan  ba  traonmlttad  at  o  tlaa» 
nab  profmo  nmtrcZ  Boonlaia  af 

1)  wogMi  pul4a  Input  tamnal  (abaa  atifailatnd  vltb  progra  pulaa  cwpap  progra  eoaimt  to  progra 
t^'toantaaloa  of  irasAnr  aet  on  Lla  aanntant  aalaator  iv}t«bl 
?]  CoMtaat  aalaator  nivltah 

3)  Frugran  pulaa  nutwtt  tanSnii  lalta  progran  pula*  nft«r  aoatant  ban  banm  troaltAdp  J.n.,  ona  adiltiom 
tiin  aftar  Iho  pMgr«  ptilsn  Input  tnmlnai  bu  raealtad  a  pulia. 
b|  Aanoolatad  irmuealtor  (for  aaoe  bulbn  aoa  p:^li>306> 

Brugru  aoMrola  1-Ai  ASab  tnuailt  eobotoita  mad  Iron  Aa  xpi  eirdif  aannot  ba  uaad  dp^iof  tba 
opnntlan  af  tba  eard  nadar,  aynoft  durlag  tba  rlrat  $0  addltlan  tlaa  of  thia  oparatlaa.  That  li,  aftar 
a  pulia  1j  aigipliad  to  B1  a*  ita  Inlatatlag  unit  froat  pan#]  (aaa  ^l•9«309]•  tbaaa  eoutntla  aoy  ba  aad 
during  tlM  90  aubaagoaot  addltina  tlnaa,  but  not  Aaraaftar  until  a  puiaa  la  akttad  fcoa  BOk 


froifran  pula  injnit  taimliiiala  for  prugrtn  ^ioakrula  1*30 

TaiMlanIa  1  .  2  . ..30 

^ogra  pulaa  output  tanlnnla  for  pregra  RaotroXa  l»90 


■  OOif  SCHOOL  OF  ELCCTRICM  tHGIHEHINC 
_ UHlVEHSItT  Of  HINHSYI¥*HI> _ 

CONSWNT  TBWRKirrtt  rBONT  PWtL  Nai 


Omn  Dki 

<UKlMl 


Oi«c4  D»; 

ru/?  lyi/l 


PX^l-302 


in  .{It  .iguefc 

for 

CM3>ipt  trot  OwltOwg  for 


Ceay^wt  «.'<t  f^r  1!^ 

gfrn"*aB*  3*t  fat  aL 


l^r  •  po/itei«a  ni«)*t»r,  gMf.  ».iw  m  ie  >  Mill  Mt  Mtittar  ob  th«  •nitebkii* 
a  Iia^t  IVH  (Viwh4r»  »At.  Um  iV  t»  )•  wd  4et  (Se  of  tarb  4l(;H 

vit.b  ra9fW''t>  v>  9  od  all  but  uultu  nritch  ^ar*  tb*  flimplawot  wllk 
n«p*ai  ts  La  la  Bbi- 

far  ■  ta>i-41sil  aiuAaz.  both  It!  awLtehaa  ahoiud  ba  aat  to  tba  alfs  tf  tba  ■■ 


aooRf  SCHOOL  or  electrical  incincerinc 

UNIVERSITI  Of  P(NNS*1«*I«I* 


CONSTANT  TBANJMITTEB  rCOWT  WNEL  NOi  2 


[  MATCaWtk 

riNisH 

se*LC 

DrMin  bt : 

J.UtUMK 

DCIC.|^4 

■ 

'HM 

FX-fl-303 

)  bb  eat  sliaftta  palarlty  i«lt«h  All*  ■etoT-CBMrblar  la  «Bi 


MOOR!  SCHOOL  0(  EKCTRICLLl  EHCiUECRiHC 
UHLVEHSITT  Oi  PINNSTlVtni* 


cottTw  TBwsnirrEB  fmht  wnel  wxa 


1  MATCWlAk  1 

1  FIW^W  1 

Df  »»i 

iLCmKK 

PEL.IM4 

.^■■11^  By: 

PX41-3( 

PXil-304 


Ifc»  Tolarltr  fivltah 

gn  tfea  fkvat  of  Mw  OM  R*a^r  1*  •  4ouU»  pol*  aoubL*  iivitek 

vbloh  ebU|i*  tte  9olacl«y  em  Uta  baUtp^  «oUa  »t  th*  fvlajri  aklsb  aoBtral  ttai 
■roup  MlMtloa  OBb  ^h«  rooat  egntrol,  ijr  bJtuilBs  tkia  mmiUk  «n  «it)m  «iro 
th«oi  olrcuitp  OB  tb*  plug  board  to  abo  maaor  tAdioatod  tboco  or  1b  (ba  rofom 
BvBir.  Ttala  slfOO  tba  fOllovlBB  ajrpos  of  ooBtroli 

i*t  With  thi  folarltp  aviaow  in  peirwl  poaltloiu 

aowa  tanilBAl  *&•  la  thaa  wirad  to  aoaa  tab  nf  tha  /I  »ondlf 
bfiiahaa  oad  tta  sroup  aOlaetiOB  btiba  am  olr«4  io  tiulbo  of  t&a  di|ii 
aalaotoTi  Tbua»  «U  aDotmUiBs  ia  daio  by  rulou*  puMkoa  la  aw 
oaltaB.  fha  rariatjr  of  thiawa  aoatrolod  la  BiWB  by  pluuinc  be 

aifforaBt  diaila  ll^  Ona.o.aaJ)  of  iU  dlslt  aalaatoFfe 

|U|  Wil^  polarity  aalbota  In  ahaoiaal  paalClaB» 

JB  tblP  oaw  'C*  la  wliod  to  aooa  dtplt  OB  IKa  dlflt  aolactar  «■<  Iba 
■roup  aalaallM  buba  apa  oinid  to  farlwo  aolwaia.  Waio^  all  tba  aow 
tiol  la  obMiead  by  a  aortala  pwcb  (for  atMplo,  a  19  pwabj  «lib  dlf^ 
fafool  iblaaa  bolas  oobtfrtllad  by  plucflaw  to  dlffbtoBt  aali^BB» 


plupflBf  ziluitrattepa 

(a)  Tbla  abaiia  tto  romaa  tab  oirOd  to  coImbb  21»  Tho  tw  tabo  aboao  Wd 
baiow  e  aia  amnaotad  ao  tta  alra  could  bora  saua  to  oltbar  ef  ttaaw  Wota 
chat  taaldaa  tta  oira  (0)  ono  oould  oouiaet  tbla  uppar  bub  rrar  C  to  ocwi 
ottar  oaltv,  aay  £»  ■otiiM  »<  oatarol.  Ttat  la,  it  a  aarlalB  utaiar 
(12(  11^  O,....,))  iB  piBBtad  la  aoIUH  SI  or  aolWB  2  tbOB  WMaaor  b»b 
iBdar  wroup  atlaatloa  «aa  plupgad  to  that  atatar  of  tta  dialt  aaioater  a«iiBoa 
tta  eoTioapOBdlM  ■'(MP  aalaetlan  raloya  to  oporato* 

|b}  Tbla  olra  anaaa  tta  naat  aaatrftl  to  oporato  oWaBoor  ttaio  la  a  12  pwtb 
111  aoliM  21;  ttat  lt»  a  oayd  «ilb  ouob  a  punah  la  oaliad  a  taOtor  oaxd* 

la  aad  d|  Ttaao  laada  aauaa  larowatioa  la  atoraci  rolay  evtapa  6  and  7  ^ 

bald  BB  loaw  aa  aarda  anaa  ihrausb  arltboufe  a  IS  puaob  la  aoluw  &»  Wtaw 
aaar  a  card  vltb  a  IS  {waab  In  anliaai  21  (a  Motor  eavd^  bmb  aleas  tta 
lafomttioe  la  ■roupa  6  and  7  *111  ta  dreppad  aad  aoo  la^oftatlea  olll  bo  ]\ 
fOt  la  froa  tbla  aaatap  aaid*  Iwadlatoly,  tbo  wador  will  bo  oa  to  ivad 
tta  taxt  caid. 


PI  to  1  IB  *  nuf  to 


I  PL  to  MBit  dual  - 
llo  to  So  bo 


(a  I  zt  a  aard  boa  a  £  puiiotad  la  aoLuu  21  tbla  laod  oaMMP  aalactiob 

ralayc  for  £r<MV  12  to  ba  autlratod  ■IrlM  m  elrealt  frw  0  ttaroMBk  B  1*- 

■toad  of  A« 

(r  aad  ■)  If  n  9  la  punaliod  la  colUM  21  groupo  L9  aad  li  groap  aaioatloa  w 
lapa  will  ta  aotiyatad,  Biaaaaal  laada  auib  aa  |r|  aaablo  Ota  to  otatala 
aa  way  sroup*  **  doalrod  froai  Juat  oao  puiabi 

|b,  aad  K)  Tbld  abooa  tba  pla«laa  to  baodia  tob  dlall  aafatloo  ouotan* 

Tta  PK  puaab  la  ta  eoliwi  1  and.  by  tta  iIIobwibI  toataclloa  la  tta  alnuo 
control,  tbo  PM  talaya  for  ettap*  1  aad  P  aio  oparatod  by  tbla  aao  puaab. 

Tta  rirat  dlplt  raaclwa  tta  oteraua  raloya  tbrnuid  |k)  lliuttratao 

tba  plugiiBd  for  tba  roat  of  tta  dlglta* 

Im  Ot  and  p)  Zf  ttaro  |a  a  £  fiuncb  In  allow  21  tbo  digit  fraa  oeluw  M 
otli  go  to  tba  fifth  digit  of  group  t,  otbomiao,  tbo  digit  frw  eoluBB 
to  olll  go  ttaro, 

(«,  and  r|  If  ttara  la  a  9  puaoh  in  coluw  21  tta  digit  la  ooltM  <0  "lH 
ba  tho  riftb  diitlt  of  group  12.  Ottan>iBo«  it  oiii  b*  tta  fifth  digit  of 
group  l6, 

■org;  If  durlag  tba  oouna  of  o  awputacloa  tta  XBI  xoador  aliottld  nw  out  of 
rarda  tta  atartlng  rolay  [■■■  Ffrll*307)  *IU  bo  olonad  ao  tta  awant  ■■*  oaida 
an  droppad  Lh,  tba  nadar  *111  go  tbroudb  •  oyola.  To  aako  auc*  that  tbo  ■•■dar. 
doaa  not  fill  to  raad  thl*  flrat  card  tta  at^  buttoa  almwld  ba  Mid  doaai  until 
tba  anfdn  nro  flxply  In  piano. 


■  go 

.Auf  to  ta— 

i/l  > 

r  ^  o 


PluA  to  1 1 

•  B  a  I 

niw  M  ar 


•  bo  o 

Rub  toBB 

O  ■  O  e 

flWtoBV 

•  Bo  • 

niB  to  at : 

•  bo  • 

Ping  to  ar : 
0  B  o  o 
PiiB  to  2  ■ 

•  00  D 

Plug  to  at 

>0  b  O  « 

Plug  ta  ar  I 
0  0  0  o 


9  o  So  o  o  I  u*o  •  ^b  I  o9o&0^o8| 


Tba  Rood  mtataa  nod  tbo  aud  bofaao  tta  0S  And 
Bntataa  do,  Tta  01  bfuataa  aoo  uaad  fop  mbInI  purpaoao 
aod  tbo  02  bruaboa  far  roadlag  tba  awbar*  aad  tbolr  Wdi 


group  Salaatloo 

Tta  buba  MWorat  ttom  ow  ta  atataoa  oeatral  tta 
ffota  aolOotiaa  lOlayO  taow  tarmlablp  aao  loaatod  00  tbO 
loaor  half  of  tta  plug  btaK,  Tbadt  ara  toublo  buba,  ttat 
10,  tta  tab  abota  wd  taioa  tta  aootar  ato  tawom.  Tta 
■  lagla  bub  laetaod  to  tba  loft  of  ttaao  nad  lataiai  Bo 
oootrola  tta  looot  aootrol,  ita  fOaturao  of  group  aalw- 
tioa  and  ■•BOt  aootrol  an  doaaribod  bola«,  par  dotaUa 
ata  tta  IH  raador  wtrugi  dtoyrw  T9-11-U9. 


gooat  Caatrol  wd  Baaat  filmaT 

Cartata  gnupa  af  nl^a  Idapaadlog  upta  plag  board 
airaagaoiata)  wy  ba  awaad  to  bald  ttalr  InraaBatlaa  obUa 
B  caguaBoa  af  ■datall*  coida  ara  road,  Tbla  la  aaBOiplIatag 
bp  ocoMCtlbg  tba  aomaaBadlag  taiKtaala  uadar  Baiat  fag- 
tral  to  any  of  tta  bowt  siunt  iBmlaala,  To  obiogo  tta 
lafeavatloa  Ubiob  !■  balgg  tald  la  ttaw  folapa  o  taaaiora 
oaxd  la  iaaortad  la  tta  aogaaoM  af  eoido,  A  portlaalor 
puaab  an  tbla  aaatar  oayi  oaa  eouoa  tta  tald  iafaaaailoa  ta 
drop  out  aad  aa  tba  wator  nan  paana  tta  02  biaiiiig  Bnataa 
arv  lafoiwtlw  can  ba  atond  la  ttaaa  palaya  iiatU  tta  nait^ 
mmilimt  oBM  cwai  alaag,  Btatatar  anob  a  wator  card  la  nad 
tta  Baadar  ^ll  IwadlataZy  nad  tba  aaat  detail  card  tafor* 

It  gluoa  out  a  eonyutlng  olgaal  ta  iba  KAC, 

BMimiOi  Tba  datall  aarda  oltbo*  taat  aot  cootala  iafonotlog 
la  tta  flalda  comapaodiag  to  tta  niwd  that  on  boldly 
■aatar  aard  lafanatiaa  or  alw  gnup  aolBctloe  aaiat  ba  aaad 
to  praaoBt  aueh  lafaiwtloa  fno  dlatoiblBg  Iba  bold  nlopu. 


N 


m 


drow  Btlootloo  Polayp 

Ttan  on  alatoiB  tifo  pola  doublo  Ibn*  nlay  awltabaa, 
oollad  tta  groap  aalBctloa  ralaya,  Tba  aowaa  tanlaala  an 
ZObalod  "C"  aad  aamaUy  tba  alrault  la  tbreutf  tta  tanlaala 
labalad  "g**,  Itao  aetlntad  Ipiatad  tta  elmlt  io 
tbnwgb  *2*,  Tbaaa  olmita  an  laolotod  (latanaiiy)  fm 
tba  ottar  alraulta  af  tta  nadar  ao  ttan  an  way  attar 
poaalbia  pluggiog  amogooaata  ottar  tbao  ttaao  ladtwtad  do 
tta  piag  board. 


Kiaw  Ceatrai 

2v  waaa  of  ona  la  tta  taadar  ttaw  tanlaala  eoawot 
to  tta  fB  roloya  of  tta  Conataai  Tnawlttar  aoly  oboa  tbo 
ZBV  card  la  Ut  pooltioaa  u  nd  12,  ttat  la.  ^a  tta  III 
puaataa  oould  ta  wdar  tbo  #S  Brad  Bnataa,  Tba  too  bubi, 
abon  aad  boioa  tba  poap  swbar.  un  aonoo,  Vaually,  tta 
puaab  far  nlaua  ladioBtlaa  vlil  aamir  la  tta  ana  oalaw  that 
a  digit  puoeb  appoara,  Tbua,  cba  aaw  nodlag  bnicb  *111 
ladioota  tta  111  of  tta  antar  and  lator  ■#  tta  poaltiaoa  wn 
ta  alna  paaa  iigdar  tba  tanub  ladicato  tta  digit  puaatad. 

Ottar  ea»a  (aalLod  codlag  nn)  aobigina  tba  aUMrlcbl  clr- 
oulta  nly  during  tta  son  to  alta  part  af  tta  ayala  aaabllag 
tba  dialt  pufieb  In  that  bxiIi«*  to  «oui«  tta  propor  nloya  to 
ta  act  UP  la  tba  conatut  Tnaoalttar,  tta  aodiag  aaw  ooa- 
atat  af  t*o  groupa,  aw  gnap  la  wad  far  poaitira  nuatan 
aad  tba  ottar  groiv  cauaaa  oi^langto  [altb  raapaot  la  lo"*l| 
to  ba  aoc  up  by  atongo  ralaya.  Tta  m  nlaya  dotanlM  Wteo 
gat  of  coding  caw  an  uoad. 

9toraB>  Mlaya 

Tta  atonga  nlaya  on  located  la  iba  Oawtaat  Tmwlttor 
Ttan  an  aaaata  lolly  four  nlaya  aaaoalatad  Wtb  aach  digit, 
Ttat  la,  four  nlaya  npnaaatlag  napootlnly  1,  2,  gi,  aod 
l|  cab.  In  rariaua  ocablaailoaa,  npnoaat  any  digit  fm  nra 
to  aim.  Ttaoa  fiuir  nlaya  an  indlnedy  Itbrea^  nouw 
tuba  circuital  aaaoaiatod  odu  tba  I,  2,  2',  wd  k  pulwa  aaat 
out  by  tba  ayaliag  uaU.  Ttat  la,  aoeb  rally  opana  a  gat*  tub* 
ubleb  Ibnugb  w  lararvor  opoaa  a  aaeond  goto  tuta,  Tbla 
aacond  gKa  tuba  paiaaa  tta  1,  2,  S',  or  k  pulwa, 

r*r  poaliln  auaWn  tta  bsba  or  tba  02  nadlm  bnataa 
can  ta  udnd  dlraatly  to  tbo  bubo  af  Iba  atonga  nlaya  la  any 
Ordar  Wataoavar,  Wagallra  auBOara  mt  ta  baadlod  la  groupa 
uhlob  an  wltlylM  of  fin.  To  ladloata  tbr  wgatlva  owbor 
than  *111  ta  an  11  or  IS  puaeb  la  oow  ool».  Tta  alra 
fno  tta  bub  raproaoatlag  thli  cnltutfi  ouat  go  to  tta  alaua  Caa- 
tral  ImM  or  all  tba  atoroga  relay  grOupa  und  far  Cbla  aaga^- 
ti**  nutaar.  Ttan  nut  alao  ba  a  eoBMatlnu  to  tta  bub  eor^ 
napondlag  ta  tbla  digit  In  tta  otoraga  rolaya,  sw  tba  arg^ 
plaa  obnm  la  tba  loft. 


MOOCE  SCHOOl  or  ELEfTmCAl  ENCINEEIIMG 
lytlVERSITY  or  PENNSn«*|iil« 


/  8.  /’iOlf 


MATCRlAi. 

FINISH 

BCOLC 

— 

— 

— 

Otmii  „) 
4.  /fas 


PX-U'^305 


—  QgMilM  Sii&Sh 


fill*  iiirlteb  AoufilM  tw>  of  tPiaUttf  vtiM  It  it  ««t  to  tli*  C  pMltlM*  It  prwMar  I 

th*  ranpaver  aten  an  oeniilaatirt  1«  «9B«art«d  to  a  tnia  vtlMi 

iwltalaa  dp.  thlk  tad  ara  tf*  for  th«  anuifflallBt  «b«n  In  tba  taPl*  »«lDa« 

■mu?  aicwlns  OrtfiiaBl  Sat  et  i>ie*di««i  cotiMPtad  tn  Ua  Prlatar 

Printar  aeen**D  froe 


Ntatar  Pmy^ 
lU' 

Msaiat^atar  13 1 
Aiseamiatar  15i 
Afteunulator  lAg 
AetMMlDier  l4» 
AeeiMulaiar  19» 
A/ictBulDtar  l6* 
Aaeiaulator 
ftc«wwUt9r  17* 
Aeeaaulatw  ITi 
AceaMulatsr  li, 
Atoamlatar  lip 
Aflcwaulafcor  19» 
A««aMilatnr  19, 
A‘;a«MBiilatn»  20, 
Aeoanlater  90, 


»i  P*ii*l  1|  Daendta 
>li 

EacaAat  6^10 
MeDiai  1-9 
Caeadep  6-19 
Qteadap  1'^ 

DaMdaa  6-10 
PaaaOaa  6-10 
ftMadvD  1-9 
Itaaiaa  ^10 
Daokiai  1-5 
naeatea  6-10 
Mead** 
paeadat  6-10 
Oaepdaa  I-5 
Oaeaia*  6»2o 
Oaeaip*  1-5 


MOOtC  SCHOOL  Of  IieCmUAI  fNCIN^IIDHC 
UNIVLRSIIt  Of  *«s<s>ivaNU 

PBimti  nwiT  PNCL  Kiai 


Drawn 

J»e«Ci1KK 

VC^iaa 


CmasaMd  oa; 

aoi»>tMW  bv; 

PX-12-30 

C^a^tar  l^auLt  JCxit 


Thaaa  auM  aaamei  4Sraetly  ao  tha  talaya  In  tka  printer,  te 

piM«h  paaltlva  Bvatera  thajr  awn  ba  plu^tfid  to  tha  puaab  uncial  Imba  fca 
■ny  d«Bli«4  arrapvwant.  Thnif  It  la  ynaalbte  to  plaea  tea  dlulte  csiiif 
rm  tea  triMip  X  twlaya  In  any  flaa  ct  tha  at^lity  coXuaaa  on  tha  mi 
card. 


Ulnua  Xndiantlaa. 

Ilia  alfftaao  kuha  wadar  nlmia  indlaatloit  i|o  dinetly  to  tM  w  ralnya 
nf  tha  ilstaan  sroupa.  Tka  nlnua  Ijidleatlaa  of  any  -jrouy  sould  ha  pwoBhad 
Ip  any  of  aichty  calunaa  on  tba  e«i4  slQiily  hy  eonnaotlB^  tita  ootooipoadlns 
nlmia  Indlaailon  huh  with  tka  yartiiHilar  eelxm  )m>  of  tka  piuiah  M^wtai 


Tiaually,  hoaaaaf,  tka  nlniM  Sndloaaiun  will  aypaar  akova  tan*  dtplt 
of  tka  iHBtbar  Oa  tha  eard.  ?o  plana  tka  nlniid  Isdiaatlon  (an  11  yunah) 
akoao  tea  flral  dlpit  of  tM  nwakar  tha  Bimia  indication  of  tha  aorraapoak- 
Inp  la  plu^d  to  ana  of  tka  taiBloala  lahalad  tk*  undar  auliaa  oplltk* 

Tka  hdha  and  *c*  dlmatly  aadar  tha  k-hitk  «ioo4  nro  to  ka  plui^d.  foapaat- 
laaly.  to  tha  41|lt  bah  (Cwwiutar  Raaulta  kslt)  nhera  telte  tew  ■inoa  puaah 
la  daaliod  and  to  tka  aartaapoiidlhc  huh  of  tho  p^feiab  navgata. 


tka  aolonn  ipllta  la  atoply  a  alxteao  polo  douhla  throw  iwlny  awltok. 
Ttala  switch  la  eantrallad  ^  a  awp  In  tha  xB|  pimok  okieh  aawaaa  tba  act  kate 
to  ha  eonnastad  to  tha  vaapaellaa  *4"  huhd  dorlnp  tba  11  pnaltlow  nf  tha  eaid 
and  to  tha  "B*  huba  dartnc  tha  0.*.i»4p9  poaltion  Of  tka  CkM. 


mittor  output! 

Zf  OBi  of  tkaaa  kuha  la  plimaad  to  a  pwck  na0iat  htth  tha  corfaapQwdills 
aiwiter  will  ha  puaahiBd  In  that  ooliv  ef  tha  aaxd.  <!ka  flao  zann  of  flaw 
c<w«en  kuha  to  tha  rlikt  df  tba  awlttar  outputa  aaahla  owa  ta  pwnak  tka  ova 
BiHkaz  La  aoro  thaa  thrta  noltiwaa.  ilia  aonnaatlea  lahalad  (a)  ns  tea  41apwk 
eauaaa  niaaa  ta  ha  punohad  In  tha  tolunwa  7T»<«*4*^  tw  tha  aart.  Cannwatlana 
•ueb  an  thaaa  aauaa  tlie  aorratpondlag  niwdwr  to  ha  pMOkad  la  oaaiy  card. 

Thla  eafi  ho  uwad  «e  i(laa  Ldantlfylng  maAcra  to  tho  earda  or  to  pmok  dataa  oa 
tha  cafda.  ilphakatio  puMhlag  oannot  ha  dawa  aa  thla  MCklna. 


PlagBlag  Zlluatratli 


(a)  Tkia  Uluatiataa  tea  typa  of  plugBlnfln  coloana  ahajw  m 
■law  Indlaatian  la  doaind. 

(h.  a.  aad  d)  Aak  tha  II  poaitlaw  of  tka  eayd  la  uadar  tho 
pmahaa  than  la  a  eoBMottoa  thraudh  laada  (e)  tod  jd) 
froB  tka  powak  awfiat  bub  to  tha  wlmia  Indieitloai  If 
tea  dKoap  1  m  nlipa  aaiw  aetlawted  a  algaal  will  arrlaw 
at  thla  t|v  caualtit  tha  11  to  ha  pinahad  In  aaluaw  1  oa 
tha  anri.  If  tha  11  punch  Indlaatlai  a  Bagatloa  MRhar 
ware  daalnd  la  aolw  2  laada  (a>  and  (e)  auai  ha  latar- 
ahJBtal  at  tba  punch  wa^t  huka  and  loadi  (a)  ud  (d) 
lBtarebaD|*d  at  the  eea^tar  axlt  huha.  Thaw  tka  flrat 
aolUBB  of  tea  eotehiMr  aalt  anwa  diraetly  to  tea  tint 
eoluB  puaeh  and  tho  aaaand  aali^  laada  §»  tkiwafk  tka 
jilmia  IndiaatLaw  huha  and  tha  aaluwn  apiit. 

[■)  Thaaa  Miuantlona  will  aaaaa  nlnaa  to  ha  punehad  la  tha 
laii  four  aoluBB  on  tho  aaid* 
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S««P»ir  vnsrw  pal««  laput  tMinila 

A,«p . A£as»,lho»«».R£o  9UpV*r  >rOBrtB  »ul*»  OVtput  tUalaali 

ill . Kit  St*pp*T  dlrwit  iRpMt  tpmtnala 

at«p|»«r  cliar  41net  Input  taratMli 


O—aTul  af  at^para  —4  fttaaiaa 

A  Btappar  1»  •  als  ltn#i  Hm  MVBtar*  It  baa  tba  f  aUovtac  aamiatad  vUh  It} 

1]  Btappaa  inagpm  puiaa  laput  t«f»iii*i 

8t  BiK  atappar  procTM  p«la«  output  tandaula,  om  ■aaMlitat  with  aaek  atap*  of  iba 
atappar. 

3)  A  taoup  at  AaaadaaCaC  fMi  0  to  %  AapoBaiBp  apoi  tba  atappar  mi  tba  aattllff  of 
itaa  Aaooda  Mooakator  Mltaboa,  iha  m  (BSD»*.«.t9)  of  aaab  ^up  aao  lotar- 

oanaataa  bp  ■  4i«att  aofrp-oaar  alrcutt  ta  ■«  dolopaA  aorrjr-otap  eltealt} 

anOlliw  turn  to  aount  foot  ocauautatt)  itr  •  1  pbLaai* 
stoppar  altar  aaltab 
$1  Stappaa  alfoat  input  toninoL 
X)  stoppar  aloor  dtmet  Input  tofatnol 
7)  toon  Aatada  baa  o  dlxact  input  tanlBoX 

TM  tpoimlkaa  of  a  atappar  aad  it#  appoalatop  oqalpaaib  la  or  follMa; 

At  tbi  anA  Of  tba  laltiol  aiaor  aaab  aUppar  la  loft  aa  tho  Ut  atofo  mA  aoab  AaaoAa 
la  alaoiad  to  0* 

suppeaa  0  progfin  pulaa  la  ratal  aad  ob  o  atappar  procraai  pulra  kaput  kaihlMil.  Ooa 
Bdiitiaa  iim  Intar  o  pr«iraB  pviaa  ka  obittod  fraa  tba  prejtnb  pulaa  ootpirt  tamtaal  ear* 
fuapaodlBg  to  tba  ato«»  tba  atappar  ka  ob  bt  tba  t^  it  U  ObittaA  and  o  protna  pulia  la 
aobt  to  tba  vita  daaaOa  or  tba  browp  of  aoooalatai  naaodao* 

Kbaborar  a  group  af  teamdat  eauuta  ta  tba  aaabar  aat  ob  tboo*  Aacoda  awltebat  eona- 
aponAlBb  to  poaltlm  of  tba  atappar,  ana  aiditlM  tiaa  latar  tbaoa  dooidaa  art  alaOraO 
to  «ro  vd  tba  at^par  la  altbar  atapp^  to  ^  aav  paaltlv,  or  (If  it  U  ao  tba  poaktloa 
aat  OB  tta  atappar  eloor  nltab]  alaapad  ta  tba  firot  pooltiob.  Tbwpb  tba  Aaobdoo  atU 
ooubt  akttor  prosrv  polBaa  or  Alglt  puUao,  oap  pulao  «Mab  bi^t  Oiuaa  tbla  alaoriap  Obi 
otopplflfi  aotlo*  buot  ba  a  probfV  puiao. 

tba  doaadib  ooubt  both  tba  pulaaa  otippliad  to  Ibo  nPOooiataA  itoppar'a  progrtb  pulN 
ij^t  tamlBol  («itb  b  ObO  BdAttloB  tlv  daiap)  wd  tboaa  ouppliod  to  tba  baBoaa  Alioet 
input  tavlHlB,  HO  aot^  la  poviaalbla  afalab  bi^  Itad  to  pulaao  balif  auppllad  to  a 
daaodo  txm  batb  leanoii  olBultbaaMBly,  ar  fraa  b  daoada  diroet  Laput  taratatl  aid  u  aarzp- 
aroP  frv  b  prarkauB  doaodo  aibultaMOiloip* 

db  it^lB  luuotrotinp  0  oOHBBb  appilaotlM  af  a  atappar  ia  proKM^ng  vlU  obob  bo* 
itw  1  ttiTOH^  M  aponto  togatbar,  Cobdidar  atappar  6,  and  xqipoBa  that  daoodon  18  oad  1) 
ai«  MOaokbtad  «tth  It  abd  that  kta  atoppor  oiaar  nltab  Id  rat  to  Tboa  foat  tk»41clt 

lu^n  (■. . nh)  Mp  bo  iot  up  V  tbo  daeado  aoltcbon,  taab  niabtr  aaooBiotod  with  tbo 

paraoapoBAW  atago  (1 . H)  Of  tbo  atoppor  uad  bOaBO  vktb  tbo  ewapaadt^  progtv  pulM 

output  torbinala  (8^o . oUl*  fcabaror  a  prograb  puio#  io  loaoivod  n  a  pulaa  la 

Oblttad  frob  oao  of  t|p  output  toSBiaola  loba  aAAitlaB  tlv  latar),  Tbo  firot  a^  pulooa 
Tuoalobd  Ob  Di  bfo  Bblltad  flab  Buo;  tba  oaft  ^  puldOA  toaokraA  an  bi  axb  Obittod  tios  9p0,,. 

tbo  lOBt  og  pulaaa  rbcolatd  oa  Pi  uf*  aalttad  tMb  iQd  tbo  otpppar  oud  ltd  mo^ 
rUtad  daaadaa  nro  tin  loft  ib  tboir  ortglaal  AtotOi  ibbdp  to  ropoat  ipa  proobaa*  tba  tlv 
pcbodulo  of  tbooo  opoibtiou  Ip  oo  faUoao: 


P  Ibput  pffogrv  puiao  (to  Pk] 

1  Outpbt  progpv  puiao  oblttoA  Ifrob  Pio,M.i%o) 

Pooado  atoppad  ia  btEt  ata^ 

p  ju  oapo  tbo  Aoeadoo  i*|lotor  tbo  aa^ar  aot  up  on 

tbo  doeaga  oBlteboo,  oil  daoodap  {oBaoeiotad  allb 
■lOfpar  P)  an  alaaroA  to  aaro  and  tba  atoppar  |P) 
la  ataapod  to  tba  anrt  otogo  or  (if  ft  la  ao  tbo 
poaltlOb  b|  it  la  elaand  to  Ibo  firot  otOga, 

to  AlaaMnalato  a  daaoda  ttm  Ito  at-ppaf  puU  oot  goto  tubo  ft  U  tbo  otoppar  plug-la  ublt. 
Sob  block  dlbgraa 


atoppor  progrm  ptlao  topai  tanknola 

gtcppor  progriB  poiao  auiout  tomlaolo  BHoalaud 
vitb  btoib  1 

kt^  . . 

ato^  ( 


toMlaali  A>b............KiO 


^  addUSm  tlM  aftor  a  progrw  puloo  ia  auppllod  to  oa  input  tamlnal  Cow*  ••  M) 
a  arobibD  pulaa  la  aaitiad  fm  tba  output  tomiwl  aorroopond^g  to  tbo  atago  tbo  itoppor  la  oa 
ot  tba  tlv  it  la  Bbltdad  (tbuo  If  tba  atoppar  1»  at  pooltlan  4,  wtiOb  tbo  pulaa  la  obiitad  it 
eabdT’ftMpDbOJt  bbA  a  unit  ia  addad  tv  tbo  ooatoata  of  tbt  atnoalatod  dooodoa, 
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'  *  I  r  I  evfla  rij^i  A*rt  j 


PIIIMI  mM9iM  to  ttoiP  toxBlHla  wUl  bo  eoutofl  hjr  tU  «t«o4M.  Ttefo  "V  bo  oltMo  pro^w  or  «l«lt 

Buiooo.  ttouA  lay  pulao  ohiob  ■«■*»  tbo  dooadio  to  tto  mnbor  oat  op  «  **  pooltloo 

Sf  ^  Pttt  »  •  pwp—  pulio..  Md  «j  puli#  rtoloH  onaaM  •  oajTy-<«.r  i«iit  bo  o 

of  tbo  oMp^r^  JboSd  bo  OMppllod  to  tho  dooado  Wroet  input  of  ttai  «lta  4oM4i  of  a  otoproP  oao  addition 

•1_  raiia^aTtta  rocontloo  of  •  proftM  pulno  on  tho  prOflna  p«lM  lapat  tontioal  of  that  otoppac* 

PalBOO  eon  bo  rod  loto  tba  diroct  Input  toivioalo  of  dosadoo  olhop  thou  tPo  uolta  docodo  mlr  nt  tlaoa  «koa 
■fo  no  ooPW-ooor  pulooo  fwa  pfoflowo  daoadoo  of  k0«  ool. 


tkaiU 


To  dlMMOolou  •  dooada  fra  Ita  atoppor  pull  wt  goto  tuba  6)  In  tba  otoppov  plufHa 
unit  •  Soo  Block  UloRrm 


I  Aooocltor  goitoboi 

Doooiaa  prooldod  vllk  tMoo  ovltolMO  mjf  bo  oonaootod  to  tko  dneoioo  oaooelotoi  with  oltbor  nf  tun 
Xkuo  if  tbo  JHt  Mfltok  lo  oot  to  K»  doeodo  9  to  eoMoptod  In  onrioo  vlU  iOondo  li  UbIU  if  It 
‘  il  iMt  to  1  doondo  2  So  ado  tbO  alU  dooodo  Mooosttod  oltb  atoivor  7,  md  dooado  3  (fonoclj  tbo  alti 
docodo  addoclntod  nilb  thol  otopport  boeoao  tho  uu  doondo  of  tbnt  atoppor^  l.o,,  li  put  In  oirioi  tdtb 
docodo  2. 


_  Soeoi^  mrStonao  uaoelntod  nltk  tbo  lit  otofoo  of  tbn  oloppon. 


Bocodi  tnltchna  nojoalatod  uitb  tbo  M  otoao  of  tbo  atoppoio* 


__  Dccado  avltcbaa  aflaaciatod  with  tbo  3rd  akiffia  of  tbo  otoppopo. 


_  Booado  nultoboo  aaocelnUd  wltb  tbo  Itb  atniit  of  tbo  otoppona 


_  Oioodo  oultoboo  oaooeUtod  uStb  tbo  5tb  atoioi  of  tba  atappoiu. 


^  lioondo  oirttoboo  nooncSotod  uitb  tba  6tb  otnpoo  of  tbo  otoppon. 


stanaog  elaar  oaltoti  ^  ^ 

futa  awltob  dotorainofl  tba  niBbor  of  ftopoo  of  tbo  atoppor  amolatod  daondo  Mltoboi  ^Icb  nro 
Aftot  tba  atoppor  ^lo  to  too  atana  aot  on  lio  aloor  anitob  and  OMiMO  to  tho  nunbor  oat  on  cho 
corroopoadSflC  dooOdo  awltcboa  It  rloon  to  Ito  fint  poiltLon  Inobood  ot  otopplan  to  tbn  Boat  poiHioa, 


Tomionio  ddi . Kdi  -  Stappor  dlMCt  Input  toi^nnla.  ,  ^  .4*^,. 

PUiaoo  o^llod  to  cno  of  tkaal  toiBiula  ulll  bo  aouaUd  by  tbo  oUppor.  Thoao  pulaOo  m»f  bn  oltbor 
I  pill  rtf  or  dlplt  pulfloa.  If  dibit  pulaoo  bm  uaod  tbo  otoMor  cloof  fwltob  naat  bo  aot  to  64 


puLaon  or  dlplt  pulaaaf 
tba  otappar  nili  count  nadulo  c»  (dtoro  c  So  tbo  aottlnc  of  tba  rtoppor  Olonr  anltob* 


A  progron  puloa  So  anlttnd  frvn  coo  of  tbo  atoppor  progron  piiLan  output  toiulonld  ona  additloa  tino 
•Rir  •  ■cnraa  pldu  1*  ••  »k«  aUpvar  >n>na  I»l«  »»««  .  T»U  pulM  li  aainal  f™ 

tu  aanlnal  aonaapaadiSK  to  tta  atala  ad  tfca  atappar  at  tha  tlM  It  la  aalttad.  ft*  atappar  Bap  M  alappad 
or  alaaral  at  tha  aoaa  tlsi  rtthaat  afraetlad  that  pdlaa. 
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PREFACE 


The  Report  on  the  EMIAC  consists  of  five  separately  bound  parts, 

as  follows: 

1.  ENIAC  Operating  Manual 

2.  ENIAC  Maintenance  Manual 

3.  Part  I,  Technical  Description  of  the  ENIAC 

Volume  I  (chapters  I  to  VI) 

4.  Part  I,  Technical  Description  of  the  ENIAC 

Volume  II  (Chapters  VII  to  XI) 

5.  Part  II,  Technical  Description  of  the  ENIAC 

Included  with  the  Operating  Manual  and  Parts  I  and  II  of  the  Teehnical 
Description  are  all  drawings  (see  table  0,3  below)  which  are  required  for 
understanding  these  reports.  The  Maintenance  Manual  assumes  access  to  the 
complete  file  of  ENIAC  drawings. 

Part  I  of  the  Technical  Description  is  intended  for  those  who 
wish  to  have  a  general  understanding  of  how  the  ENIAC  works,  without  con¬ 
cerning  themselves  with  the  details  of  the  circuits;  it  assumes  no  knowledge 
of  electronics  or  circuit  theory.  Part  II  is  intended  for  those  who  require 
a  detailed  understanding  of  the  circuits.  Its  organization,  to  a  great  extent, 
duplicates  that  of  Part  I  so  as  to  make  cross  referencing  between  the  two  parts 
easy. 

The  ENIAC  Operating  Manual  contains  a  complete  set  of  instructions 
for  operating  the  ENI/vC,  It  includes  very  little  ejqilanatory  material,  and 
hence  assumes  familiarity  with  Part  I  of  the  Technical  Description  of  the 
ENIAC,  The  ENIAC  Maintenance  Manual  includes  description  of  the  various  test 
units  and  procedures  for  testing,  as  well  as  a  list  of  common  and  probable 
sources  of  trouble.  It  assumes  a  complete  understanding  of  the  circuits  of 
ENIAC,  i,e,  a  knowledge  of  both  Parts  I  and  II  of  the  Technical  Description 
of  the  ENIAC. 


The  Report  on  the  EMI  AC  and  the  con^lete  file  of  ENIAC  drawings 
constitute  a  complete  description  and  set  of  instructions  for  operation  and 
maintenance  of  the  machine,  Tho  drawings  carry  a  number  of  the  form  PX-n-^a, 

The  following  tables  give  the  classification  according  to  this  numbering  system. 


TABLE  0,2 

Values  of 

m 

Subject 

101-200 

201-300 

501-400 

401-500 

» 

Wiring  Diagrams 

Mechanieal  Drawings 

Report  Drawings 

Illustration  Problem  Set-Ups, 

The  reader  of  this  report  will  be  prim£rily  interested  in  the  types 
of  drawings  listed  in  the  following  pai'agraphs,  A  table  on  page  U  gives  the 
corresponding  drawing  number  for  each  unit  of  the  ENIAC« 

1)  Front  Panel  Drawings,  These  drawings  show  in  some  detail  the 
switches^  sockets,  etc.,  for  each  panel  of  each  unit*  They  contain  the 
essential  instructions  for  setting  up  a  problem  on  the  ElJIaC, 

2)  Front  View  Drawings,  There  is  one  of  these  drawings  for  each 
kind  of  panel  used  in  the  various  units  of  the  ENIAC,  These  show  the  relative 
position  of  the  trays  and  the  location  of  the  various  neon  lights.  Since  these 
drawings  show  the  neon  lights,  they  can  be  used  to  check  the  proper  operation  of 
the  various  units. 

3)  Block  Diagrams,  These  drawings  illustrate  the  logical  essentials 
of  the  internal  circuits  of  each  unit.  That  is,  resistors,  condensers,  and 
some  other  electrical  details  are  not  shown;  but  complete  channels  (paths  of 
pulses  or. gates  representing  numbers  or  program  signals)  are  shown  in  all  their 
multiplicity.  These  drawings  will  be  of  interest  to  those  who  are  interested 

in  Parts  I  and  II  of  the  Technical  Report, 

4)  Cross-section  Diagrams,  These  drawings  are  electronic?.lly  complete 
except  that  only  one  channel  is  shown  where  there  is  more  than  one.  Thus,  these 
drawings  show  every  resistor  and  condenser  and  any  other  electronic  elements  . 
belonging  to  any  circuit.  These  drawings  will  be  of  particular  interest  to 

the  maintenance  personnel  and  to  those  reading  Part  II  of  the  technical  report, 

5)  Detail  Drawings,  All  other  drawings  of  the  ENIAC  come  \inder 
this  heading,  A  complete  file  of  drawings  is  available  at  the  location  of  the 
ENL.C* 


Table  0,3 
EMIiiC  DRA./INGS 


Unit 

Front  Panel 

Front  View  I 

Block  Diagram 

Cross  -  Section 

Initiating 

Unit 


C/cling  Unit 


Accumulator 


Multiplier 


FX-9-302 

9-302R 


PX-9-303 


PX-5-301 


Function  Table 


Divider  and 
Sauare  Rooter 


Constant  Trans-  PX-11-302 
mitter  11-30 2R 

11-303 
II-3O3R 
11-304 
11- 


PX-L2-301 

I2-3OIR 

12-302 

12-302R 

12-303 

12-3Q3R 


PX-8-301 

8-3OIR 

8-302 

8^302R 


Printer 


Master  Pro- 
gramer 


PX-9-305 


PX-5-305 


PX-6-309 


PX-7-305 


PX-8-303 


Other  drav»ings  of  particular  interest; 


PX-9-307 


PX-5-304 


PX-6-30e 


PX~7-304 


PX-lO-304 


PX-ll-307 


PX-12-307 


PX-8-304 


PX-5-115 


PX 


PX-7-117 

7-118 


PX-12-115 


PX-8-102 


Floor  Plan 
A.C,  V/iring 
IBM  Reader  and 
plugboard 


n  PX-l-302  im?  Punch  and  PX-12-112 

ng  PX-l-303  Plugboard  PX-12-305 

r  and  PX-11-119  Pulse  ..anlifier  ;'.nd  PX-4-302 

PX-ll-305  Block  Diagram  PX-4-301 

Interconnection  of  Multiplier  snd  Accuiuulators  PX-6-311 
Interconnection  of  Divider  and  nccuiaulators  PX-10^307 


The  front  view  drawings  and  the  Large  front  panel  drawings  (whose 
numbers  do  not  end  with  "R")  are  bound  as  a  part  of  the  Operator’s  Manual , 
Included  with  the  report  is  a  folder  containing  all  the  drawings 
listed  in  the  above  tabic  except  the  large  front  panel  (see  above),  A  com¬ 
plete  file  of  drawings  is  available  at  the  location  of  the  ENIAC, 
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I.  INTRODUCTIOK  TO  MaIOTENANCE  MAIIUAL 

1.1  Structure  of  Mainteneince  Manual 

The  maintenance  manual  devotes  a  chapter  to  each  unit  of  the 
ENIAC  including  one  chapter  to  the  a>c  supply  circuits.  These  various 
chapters  were  written  by  the  people  who  designed  or  helped  to  design  the 
respective  unit. 

Each  chapter  contains  a  list  of  the  wiring  diagrajns  and  test 
charts  referring  to  the  circuits  of  that  particular  unit.  It  contains  a 
section  giving  a  tasting  procedure  for  the  particular  unit.  Note  that  test 
procedures  for  each  unit  are  also  given  in  the  operating  manual.  In  each 
chapter  there  is  also  a  list  of  possible  failures  and  their  remedies.  As 
time  goes  on  tho  conscientious  maintenance  man  will  do  well  to  keep  a  log 
book  listing  for  each  unit  failures  encountered,  their  symptoms,  and  the 
remedy, 

1 . 2  Notes  and  Warnings  to  Maintenanoo  Personnel 

1)  Keep  in  touch  with  operating  group  for  any  trouble  which  may 
develop.  Note  repairs  and  troubles  in  log  book.  Keep  log  of 
all  tube  failures  -  list  each  tube, 

2)  This  machine  contains  a  number  of  dangorouslv  high  voltages . 
Avoid  working  on  any  part  vdiilo  DC  is  on. 

Do  not  loavo  off  any  covers.  Romombor  the  shells  of  tho 
motal  tubes  are  at  high  potential  vfith  respect  to  the  freuno. 
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3)  Novor  operate  machine  with  any  DC  fuses  out  except  for  special 
tests.  V/hon  replacing  a  DC  fuse  bo  sure  they  are  put  in 
correctly  -  i.e.  washor  in  cupfaoo  out. 

4)  Hake  periodic  check  on  7cntilatiug  fans. 

6)  Do  not  pound  on  plugs  or  plug-in  units  to  got  them  in;  use 
steady  pressure.  Avoid  pulling  on  wires  or  cables  to  remove 
plugs;  uso  case  for  Grip. 

6)  Keep  covers  on  relays  as  much  as  possible;  replace  in  same 
position  to  avoid  spilling  onto  relay  contacts  dust  which  may 
have  collected. 

7)  Return  all  plug-in  units  and  cables  to  proper  racks  when  not 
in  use. 

8)  DONT'S 

(a)  DON'T  leave  doors  or  covcrplates  leaning  against  rolays 
or  tubes  or  front  panels. 

(b)  DON'T  hong  probes  on  wires  in  trays. 

(c)  DON'T  mark  panels  with  chalk  or  stick  paper  labels 
on  them, 

(d)  DON'T  drop  soldor,  nuts,  lock  washers,  etc.,  inside 
machino  and  leave  them  thorc.  G-ET  TxIEM  OUT' 

1.3  General  Remarks  on  Testing 
1.3.1  Standard  Tost  Problems 

Standard  tost  problems  cheek  for  continuity  of  the  programming 
sot— up  unless  there  are  attached  subsequences  which  operate  simultaneously. 
Generally  a  standard  tost  problem  cannot  bo  designed  so  os  to  tost  the 
numerical  circuits  completely.  Hovrevr.r,  it  comes  much  closer  to  completely 
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chocking  the  program  control  and  conunon  programming  circuits, 

1,3,8  Systomatio  Unit  Tosts 

Systematic  tosts  such  as  those  described  in  the  operating  manual 
are  designed  to  check  the  numerical  circuits  and  common  programming  circuits. 
If  repoatod  with  different  program  controls,  they  chock  the  program  control 
circuits.  The  chapters  of  this  manual  give  some  other  testing  methods  for 
certain  of  the  units, 

1 . 4  Responsibility  of  Haintenanca  Personnel 

1)  To  have  studied  the  four  manuals  (Operating  Manual,  Technical 
Reports  I  and  II,  and  the  Maintenance  Manual)  sufficiently  to 
thoroughly  understand  the  operation  of  each  unit  and  the 
operating  of  the  EKIaC  as  a  whole, 

Z)  Knowing  that  a  particular  unit  is  failing  to  be  able  to  find 
and  remody  that  failure. 

3)  Knowing  of  the  oxistenco  of  a  failure  in  the  Eli  I  AC  to  be  able 
to  assist  the  operating  personnel  in  localizing  the  failure 
to  particular  units.  However,  the  duty  of  isolating  numerical 
and  programming  failures  to  a  particular  unit  belongs  primarily 
to  the  operating  personnel# 

1.5  SHI AC  Drawings 

The  niaintonanco  personnel  should  havo  access  to  a  file  of  drawings 
at  the  location  of  the  EillAC,  As  part  of  the  filo  of  drawings  thoro  is  a 
complete  catalog  of  all  the  drawings  of  the  EillAC.  Only  a  few  of  the  draw¬ 
ings  arc-  roforrod  to  in  tho  various  reports  and  in  case  of  difficulty  with 
particular  circuits  the  maintcnoiico  man  should  refer  to  the  catalog  for 
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any  other  drawings  which  may  ho  of  help. 

Drawings  which  v'ill  be  of  particular  help  for  maintenancing  will 
be  the  various  block  diagrams  and  the  cross-section  diagrams  of  each  unit, 

1,6  General  Remarks  on  Trouble  Shooting 

After  a  test  problem  has ' indicated  a  failure  it  becomes  a  problem 
of  localization. 

1.6.1  Find  the  Unit  that  Failed 

To  the  operating  personnel  the  type  of  failure  found  in  the  test 
problem  nay  indicate  the  unit  (or  kind  of  unit)  in  v/hicli  the  failure  occurred. 
Various  unit  tests  (such  as  those  described  in  the  operating  manual)  may  be 
performed  to  assist  in  this  localization  process. 

1.6.2  Finding  the  Circuit  that  Failed 

The  various  unit  tests  arc  designed  to  localize  the  failure  to  a 
particular  circuit.  Complete  knowledge  of  part  II  of  the  technical  report 
and  efficient  use  of  block  diagrams  will  holp  in  this  jirocoss, 

1.5.3  Circuit  Failures 

The  most  frequent  failure  in  circuits  is  burned  out  tubes. 

Replace  tubes  in  suspected  circuits  and  test  the  tubes  removed  (see  Section 
on  use  of  the  tube  tester).  Note  that  cathode  failures  in  metal 
case  tubes  can  ho  dotoctod  at  temoval  time  by  comparing  case  temperature 
with  that  of  other  tubes, 

12  all  the  tubes  in  the  suspected  circuits  test  all  right  a  static 
tost  of  the  circuits  is  indicated  to  check  against  failures  in  wiring, 
resistors,  or  condensers.  To  assist  in  static  and  dynajr.ic  testing  tost 
charts  have  boon  prepared  and  certain  tost  oquiprucnt  built  (soo 
The  charts  have  detailed  instructions  giving  switch  settings,  voltagos , 
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pulse  rise  I  duration,  ojid  fall  tirdos,  pulso  amplitudes,  ot  cctora. 

The  follov/ing  principles  in  trouhlo  shooting  are  v/orth  noting. 

1)  If  a  circuit  operates  when  it  shouldn't  look  for  failure 
of  an  invertor  tube, 

c)  I;?  or  circuit  doss  not  operate  when  it  should  look  for  failure 
of  a  gate  or  a  buffer, 

1,7  Transient  Foilures 

Trans iont  failures  can  usually  bo  found  by  repeated  programming 
of  the  suspected  unit.  As  explained  below  cortain  tost  equipment  has  been 
built  to  assist  in  finding  transient  failures. 

Practically  all  circuits  in  the  EMIAC  were  dcsignod  with  at 
least  a  S  to  1  safety  factor.  Thus,  paromotors  (such  as  loads,  voltagos , 
it  cetera)  can  be  varied  considerably  without  effocting  tho  operation  of 
a  normal  unit. 

Thus,  to  assist  in  finding  transient  failures  certain  tost  oquip- 
mont  (namely,  a  variable  oscillator  and  variable  power  supply  equipment) 
has  been  built.  Tho  variable  oscillator  can  be  plugged  into  the  cycling 
unit  and  tho  EMIAC  operated  at  frequencies  above  or  below  tlic  standard 
frequency  of  100  k.j.  The  variable  power  supply  can  be  used  to  vary  the 
voltages  in  a  unit  and  thus  increase  the  probability  of  failure. 
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II.  IIJITIATIN^  UI'IIT 

2, 1  Circuits  of  the  Initiating  Unit 

Tables  2,0  and  2.1  give  a  list  of  drawings  pertaining  to  the 
Initiating  Unit,  The  Interconnection  diagram,  PX-1-301 ,  shows  the  location 
of  the  plug-in  units  and  gives  the  numbers  of  the  chassis  drawings. 


Table  2.0 

INITIATING  UNIT  PLUG-IN  Ui’ITS 


No,  of  units 
used  in  InitiGi- 
ting  Unit 


Plug-in  Unit 


Cycling' Unit 
Transmitters 

Transceivers 


Init iat ing 
Pulse  Units 


Reader-  Printer 
Starting  Unit 


Reader  Interlocking 
Unit 


Reader  Transmitter 
Unit 


Wiring  Diagram 

Static  and 
Dynamic  Test 
Chart 

PX-9-102A 

PX^9-123 

P1^5-147 

PX-5-129 

PX-9-10S 

PX-9-125 

PX^9-104 

PX-9-122 

PX- 9-103 

PX-9-124 

PX-9-106 

PX.9-121 

Table  2.1 


OTHER  INITIATING  UNIT  CIRCUITS  | 

Name 

i 

1 

M ir ing 

-  -  i 

i 

Static  Test  Chart  ! 

.! 

Oscilloscope 

PX-9-115 

p. - ^ 

PX.9_126 

DC  Voltmeter 

PX-9-lia,  119  A, 

119B 

i 

Initial  Clear  Relay 

PX-9-115,  119 

1 

AC  Voltmeter 

PX-9-118A,  119 

- 

j 

Start,  Stop,  and 

Door  Switch  Shunt 

PX-9-119 

(sec  Block  Diagram 
PX-9-307 ) 

i 

2. 2  Testing  Program 

Tests  for  each  of  the  plug-in  units  arc  described  on  the  test 
charts  listed  and  covered  in  the  section  on  the  use  of  tho  Tost  Dench* 

Tests  on  the  plug-in  units  in  place  in  tho  unit  ore  outlined 

below, 

A)  Cycling  Unit  Transmitters 

V/ith  cycling  unit  on  continuous  operation  observe  CJPF,  9P, 
I'P,  Rp  on  Oscilloscope  on  cycling  unit.  Presence  of  pulses  of 
at  least  one  tnflh  omplitude  and  equal  width  for  each  pulse  indi- 
OI.CBP  all  is  well.  If  not  replace  one  or  more  of  the  associated 
cycling  unit  transmitters.  If  no  pulse  at  all,  check  on  gates 
which  produce  the  missing  pulses  for  presence  of  pulse  at  output. 
Block  diagram  PX- 9-307  will  bo  most  useful  here. 
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B)  Selective  Clear  Transceivers 

Connect  each  to  a  program  line  carrying  continuous  program 
pulses,  then  observe  noon  lights.  If  any  unit  fails,  replace  it. 

C)  Initiating  Pulse  Units 

One  of  these  units  is  used  to  produce  a  pulse  synchronized 

with  the  Eniac  when  the  initiating  pulse  switch  is  pushed.  The 

other  produces  a  synchronized  pulse  v/hen  the  printer  finishes 

an  operation.  To  chock  the  first,  connect  output  to  input  of 

one  seloctivG  clear  transceiver,  sot  cycling  unit  on  1  add 

operation.  Push  initiating  pulse  sv/itch,  upper  neon  should 

should 

light;  pulsh  1  pulse  1  add  switch,  lower  ncon^^light,  puth  1 
pulse  1  add  switch  again,  both  neons  out  and  transceiver  neon 
should  light. 

To  test  the  other,  corjnect  printer  into  a  program  chain. 

This  will  also  test  printer  section  of  Reader-Printer  Starting 
Unit. 

D)  To  tost  Re ador-?r inter  Starting  Unit,  Reader  Interlocking 
Unit,  Reader  Transmitter  Unit,  plug  reader  output  into  soloctive 
clear  transceiver  to  check  presence  of  output  pulse.  Set 
Cycling  Unit  on  1  add  time.  Push  roador  start  switch,  reader 
start  noon  on,  reader  interlock  neon  on,  IBM  roador  should  food 
card,  reader  finish  noon  on.  After  card  food  push  1  add  button, 
roador  start  noon  out,  reader  sjmehronizing  noon  on.  After  next 
1  add  push  reader  interlock  neon  out,  reader  synchronizing  noon 
out,  transcoiver  noon  on. 
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E)  The  Oscilloscope  ooction  needs  no  special  mention  as  to 
service.  The  standard  tosts  for  the  RCA  155A'  scope  aro  appli¬ 
cable  with  the  exception  that  tho  sweep  frequency  operatos  at 
approximately  60  CPS, 

F)  Servicing  of  the  two  voltmeter  circuits  is  straightf orvra.rd  - 
checks  for  open  circuits,  short  circuits,  rosin  joints,  loose 
connoction,  etc, 

G)  The  initial  clear  relay  circuits  aro  shown  on  PX-9-307,  Tho 
time  constant  of  th®  condonsor  relay  circuit  is  sufficient  that 
tho  relay  should  stay  closed  for  not  loss  than  1/2  second.  In 
case  of  trouble  look  for  failure  of  condenser  or  rolay. 


t  /niri^riNs  Unit  Panel 
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III.  CYCLING  UNIT 

3.1  ClrcultB  of  Ovollng  Unit 

Tho  cycling  unit  panel  ineludos  ton  transmitter  plug-in  units  of 
the  master  programmer  (sco  Chapter  X)  as  well  as  the  circuits  of  the 
cycling  unit  proper.  The  following  tables  and  P]U1-301  give  the  pertinent 
drawings  ond  show  the  position  of  the  plug-ln  units. 


Table  3,1 

PLUG- IN  UNITS 

Number  of  Units 

Nome 

ViTiring  Diagram 

Static  and 
Dynamic  Test 
Charts 

10 

Moetor  Programmer 
Transmitters 

PX-8-105 

PX-8-122 

6 

Cycling  Unit 
Transmitters 

PX-9-102A 

PX-9-123 

1 

Cycling  Unit  Carry 
Gate  Transmitter 

FX-9-1Q2B 

FX-9-123 

1 

Cycling  Unit  Off¬ 
beat  Unit 

PX-.9-130 

FX«9^139 

“ 

1 

Cycling  Unit 
Oscillator 

PX.9-131 

PX.9-140 

1 

On-beat  Unit 

PX-9-132 

PX.9-141 
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Table  3.2 

CHASSIS  CIRCUITS 

Name 

Pos it ion 
(tubes) 

Wiring 

Test  Chart 

Top  chassis 

1  and  2 

PX- 9-133 

Static: 

PX-9.126 

PX.9_128A 

Dynamic : 
PX-9-129 

i 

Gate  A 

j 

21  to  40 

PX-9-134 

Gate  B 

1 

41  to  60 

PX-9-135 

3.2  Tasting  Procedure 

The  routine  testing  of  the  cycling  unit  is  best  carried  out  in 
tho  following  manner,  ’Vith  the  operations  switch  on  continuous  and  the 
oscillator  switch  on  Liternal,  tho  various  pulses  and  tho  carry  gate  aro 
examined  on  tho  viewing  scope.  Thoir  presence  is  not  sufficient  for 
satisfactory  operation  but  the  pulses  must  all  bo  of  approximately  the 
samo  shape  and  all  signals  at  least  one  inch  high.  Next,  tho  external 
oscillator  should  be  plugged  in  and  the  switch  s<it  to  External,  the  tens 
pulses  should  bo  examined  on  the  viev/ing  scope.  Tho  frequency  should  bo 
increased  until  either  a  shift  of  1  pulse  to  tho  right  is  observed  in 
the  tons  pulses  or  ono  or  more  neon  bulbs  in  cycling  unit  ri^  glow, 

Tho  frequency  at  whicli  this  occurs  should  bo  at  least  160  kc.  At  this 
top  speed  the  other  pulses  and  gate  should  bo  again  examined.  The  most 
common  difficulty  in  the  cycling  unit  is  failure  of  the  ring  to  count 
at  these  high  frequencies.  This  can  usually  bo  traced  to  trouble  in  the 
ring  pulse  standard! zor. 

The  1  addition  time  mode  of  operation  as  v/oll  as  the  one  pulso 

time  modo  must  also  bo  testod.  Test  tho  1  add  mode  at  100  and  e^lso 

at  the  top 
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frequency,  Precenco  of  the  tens  pulses  must  also  be  chockod.  This  is  done 
by  progranuning  a  chain  of  two  programs,  ono  event  of  which  is  to  toll  cm 
accumulator  to  transmit.  Then,  continued  pushing  of  tho  1  pulse  1  add 
switch  should  result  in  the  progriuii  chain  stopping  along  tmd  on  the  ono 
program,  tho  accuiiiulator  cycling,  as  evidenced  by  tho  neons  flashing,  but 
the  same  number  remaining  in  the  accumulator,  Tho  same  tost  should  bo  made 
under  1  pulse  time  eporation  requiring,  of  course,  40  pushes  of  tho  switch 
to  go  through  the  two  program  sequence.  Should  any  of  tho  above  tests  fail  the 
1  add  gate,  ring  stop  gate,  10  pulse  flip-flop,  and  10  pulse  gate  should 
be  investigated  first. 

Trouble  in  tho  Viewing  Scope  may  result  frora  distiurbcd  DC  voltages 
which  arc  produced  in  tho  top  pcmcl  or  due  to  failure  of  the  swoop  circuit 
v<rhich  is  located  on  Gate  Chassis  Q,  PX-9-135,  This  circuit  is  similar  to 
cnc  used  in  the  A-R  Scone,  typo  256B,  but  uses  different  tubes,  A  discus¬ 
sion  of  this  type  of  circuit  will  bo  found  in  tho  A-R  Scope  Manual, 
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IV.  ACCmiUUTOR 


4.1  Accumulator  Circuits 

Tho  following  tables  and  PX>5-302  givo  the  numbers  of  drawings 
and  tho  location  of  various  accumulator  circuits. 


Table  4.1 

ACCUIJUL/\TOR  PLUGwIW  UNITS 

Number  of  Units 

1 

Plug-in  Unit 

Wiring  Diagram  Static  and 

Dynamic  Tost 

1  Chart 

10 

Dee ado 

PX^S-133  PX^S-126 

! 

1 

PM  Clear 

PX-5-100  !  PX-5-127 

2 

Rocoivor 

PX-5-148  '  PX-5-128 

8 

Transcoivor 

P3U5-147  PX-S-129 

1 

Rope at or 

rX-5-149  PX-5-120 

Table  4.2 

accumulator  DRAinNGS 

Name 

Pos it  ion 
(tubes) 

\7ir  ing 

Tost  Chart 

Onto  Chassis 

41  to  60 

PX-5-117 

Static: 

PX-5-123 
Djineiffllc : 
PX-5-124 
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4,2  Testing  Frocoduro 

4.2.1  Numorica.1  Circuits 

(a)  Receiving  failures. 

Using  the  accumulator  tost  cards  described  in  the  operating 
manual  (section  2.2)  the  constant  transmitter  con  be  used  to  transmit 
numbers  into  an  accumulator. 

In  case  of  failure  in  this  sort  of  test,  there  are  two  possible 
procedures : 

1  )  Shift  to  another  input  and  repeat  the  tost, 

2)  Program  a  transmission  at  one  pulse  time  speed. 

Either  of  those  prscodures  ivill  generally  dotermino  whether 
the  failure  is  in  the  decade  unit  or  in  the  input  gate  circuits.  If  the 
failure  is  in  tho  decade  unit  replace  it  (repairing  of  plug-in  units  is 
discussed  in  tho  section  on  tho  tost  bench,  Chapter  Xll). 

Any  systematic  tost  sh^juld  involve  receiving  numbers  on  all 
five  inputs. 

4.2.2  Transmicslcn  Fuiburcs 

With  a  number  such  as  P  44444  44444  in  the  doubtful  accumulator, 
it  should  bo  prograiiracd  to  add  its  contents  to  another  accumulator  at  a 
ono  pulse  timo  rate.  The  receiving  accumulator  should  bo  known  to  bo 
operating  correctly,  of  courso. 

Consecutively,  or  simultaneously  by  using  a  second  accumulator 
to  receive,  the  subtract  transmission  circuits  can  be  checked. 

4,3  Common  FrograiiiiAing  Circuits 


Simultaneously  failure  in  all  ten  channels  (or  eleven  channels 
in  some  cases)  persisting  with  various  program  controls  indicates  failure 


IV  -  3 


in  cojaraon  progranuning  circuits. 

4,4  Program  Control  Failure 

If  only  one  fails  replace  it.  If  more  than  one  transcoivor  fails 
look  for  trouble  in  coEunon  programming  circuits  perhaps  checking  other 
transceivers.  Failure  of  mors  than  one  program  control  flip-flop  to 
reset  indicatos  possible  failure  in  the  repeater  ring  circuits. 


Stat/c 

£w£*  AoA^rc/*.  Aoo- 


^X-S-302. 
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V.  HIGH  SPSSD  MULTIPLIER 


5,1  Multj-plior  Circuits 

The  circuits  of  the  jiiultiplier  uro  located  on  throe  panels. 

The  interconnection  diagran;,  ?X-6-301 ,  shows  the  ops  it  ion  of  the  various 
circuits  and  the  following  table  gives  the  numbers  of  sonio  of  tho 
pertinent  drawings. 


Tabic  8.1 

PLUG-IN  UNITS  OP  THE  MULTIPLIER 

Number  used 

None  i  ’firing  Diagram 

Test  Charts 

24 

Transceiver  j  rX-S-147 

?X-5-la9 

6 

1 

Buffer  Units  j  rX-6-107 

! 

?X- 6-130 

2 

Receiver  !  1-X-5-14B 

1 

FX-5-128 

5,2  Test  in, Procedure 

The  liiultiplier  lends  itself  nicely  to  a  routine  autonatically 
progranraed  test,  Tho  details  of  this  test  are  given  in  the  ENIAC  Operating 
Manual. 

In  case  of  failure  in  tho  above  test,  the  program  should  be 
stepped  through  by  one  addition  tino  stops  and  the  partial  products  appear¬ 
ing  in  tho  product  accuu’.ilator s  inspected.  This  procedure  if  done  in 
conjunction  with  tracing  the  numbers  course  through  the  nmltii''lior  (by 
use  of  the  block  diagram,  rX-6-308)  may  locate  the  failure.  If  this  fails 
to  locate  trouble,  step  by  addition  times  to  the  region  of  failure,  then  by 


Dulse  times 
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Table  5,3 

CHASSIS  DRA’.'/IWGS 

Najno 

rosi-tion 

V/  ir  ing  ' 

Test  Charts 

Panel 

Tubes 

lor  Selector 

1 

3-20 

FX- 6-101 

Static: 

Panel  1  PX-6-122 

Panel  2  PX-6-126 

I-oncl  3  PX-6-128 

Dynamic : 

Panel  1  PX-6-123 

Panel  2  PX-6-127 

Panel  3  FX-6-129 

R.H.  Multiplier  Table 

1 

1 

o 

_ 

PX-6-102 

L.H.  Multiplier  Table 

1 

41  -  60 

PX- 6-103 

Icr  Top  Chassis 

3 

1  and  2 

PX-6-105 

3 

41  -  60 

PX- 6-108 

Goto 

3 

41  -  60 

?j:-6-ic9 

Icand  L.H,  Selector 

2 

21  -  40 

px-6-  lao 

Icand  R.H.  Selector 

2 

3-20 

?:i-6-iio 

jR  and  L  Shifter 

2 

3-20 

and 

21  -  40 

rz-6-iii 
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By  chocking  the  jjulso  groups  arriving  at  the  product  accumulators 
(and  comparing  this  with  the  actual  products  of  the  digits  of  the  numbers 
being  multiplied)  bad  tubes  may  be  found, 

5,3  Possible  Failures 

1)  Failure  of  gate  tubes  in  multiplier  sclootor  would  causo 
table  to  pass  nine  pulses, 

2)  Failure  of  gate  tubes  in  multiplicand  soloctor  or  in  shifter 
would  causo  zero  pulses  to  arrive  at  the  corresponding  place  in  the 
partial  product, 

3)  Failure  of  buffer  or  inverters  in  the  channels  may  cause 
either  of  the  above  effects, 

4)  Failure  of  table  output  gates  would  cause  1,  2,  2*  ,  or  4 
pulses  to  fail  to  reach  the  product  accur^mlator. 

5)  Failure  of  drivers  on  the  output  would  cause  a  digit  to  be 
missing  from  each  partial  product. 

6)  Failure  of  program  control  transceivers, 

7)  Failure  of  car.imon  programming  circuits. 
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VI.  DIVIDER  Airo  SQUARE  ROOTER 

6, 1  Divider  and  Square  Rooter  Circuits 

The  following  tables  give  the  numbers  of  some  of  the  pertinent 
drawings  of  the  divider  and  square-rooter.  PX-10-303  shows  the  positions 
of  the  chasses  and  the  plug-in  units. 


Table  6. la 

DIVIDER  AilD  SQUARE  ROOTER  PLUG-IN  UNITS 

Name 

Wiring 

Test  Charts 

10 

Rooolvers 

PX-5-148 

PX-5-128 

8 

Transceivers 

PX^5-147 

PX-5-129 

2 

Buffers 

PX- 6-107 

P:U6-130 

1 

Repeater 

PX-5-149 

PX-5-130 

1 

Decade  Ring 

{ Mas  ter  Pr  ogrammer ) 

PX-8-101 

PX.e-125 

Table  6,1b 


DIVIDER  AND  SQUARE  ROOTER  CIRCUITS 


Nemo 

Posit ion 

\'l  ir  ing 

Test  Charts 

Gate  No,  1 

3-20 

PX-10-106 

Static: 

PX-10-115A-D 

Gate  No.  2 

41  -  60 

PX-10-105 

Dynamic: 

Top 

1  and  2 

PX.10-112 

PXp.10-116A-C 

6. 2  Checking  tho  Operation 


Since  the  divider  and  square  rooter  works  in  conjunction  with  a 
number  of  accumulators  tho  first  thing  to  do  is  to  systematically  check  all 
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these  accumulators  (soc  Chapter  IV). 

Drawings  PX> 10-402  and  FX-IO-404  show  tho  numbers  occur ing  at 
various  places  in  the  accumulators  during  sample  division  and  square  root 
probletaa.  Those  problems  may  be  done  at  one  addition  rate  after  a  failure 
is  indicated. 

Since  part  of  the  control  circuits  go  to  accumulators  via  cobles 
and  trays  the  operator  should  carefully  check  these  when  trouble  is 
suspected.  Tho  presence  of  the  proper  adaptors,  et  cetera,  should  be 
vorif iod. 

Note  that  the  square  root  of  zero  is  tho  simplest  test  problem 
that  the  unit  can  be  caused  to  do. 

6.2.1  Program  Control  Failures 

If  any  transceiver  remains  "on"  then  it  should  bo  replaced.  If 
more  than  one  remains  on,  then  the  common  programming  circuits  should  bo 
inspootod.  Check  in  particular  to  see  if  tho  program  ring  cycles  as  it 
should.  If  the  program  ring  cycles  as  it  should,  inspect  the  clearing 
circuits. 

6.2.2  Numerical  Circuit  Failures 

Check  tho  quotient  place  ring  and  tho  various  pulse  gates  includ¬ 
ing  the  ^  1  or  i  2  receivers, 

6.2.3  Common  Pro^raraiuing  Circuit  Failures 

Using  the  block  diagram  and  a  sample  division  or  square  root 
problem  the  operator  should  proceed  at  one  addition  time  (and  perhaps 
repeat  at  one  pulse  time  rate)  rate  and  note  the  first  circuits  vdiich  fail 
to  operate  (as  indicated  by  the  noon  lights  on  the  front  panels),  Roforenco 
should  bo  made  to  PX-10-302. 
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Problam:  DiTirtu  p  0  30‘JO070  000  bii  ?  0  2,'\0  000  000.  Xounrt  answi*  off  to  4  plaoos.  Ho  Intsrloelt, 


Quotlont  Accunulotor 


Ifumsrator  Accoisulator 


rlod  Add. 
Tima 


Hoeelvaa 


Storas  after 
lieoalTlng 


liecelTea 


^toraa  after 
itenelTlng 


P  0  009  070  000 


Uanislnator 

Accumulator 

Heoelvoa  during 
period  1  and  store* 
therearter. 


P  0  000  000  000 
F  0  090  OOO  000 

p  0  46o  000  000 
r  0  690  000  000 
P  0  920  000  000 


progTttu  output  pulJs  und  anawur  Uispoaal  id  truastiittad 


Aaewar  Js  tronamlttad  from  iiuoti^nt  aacuc.Ulator. 


TAHIf  6>3 

anVARK  HOOT  -  ILLOBTmTlTB  FBiaUll 

IhoblOD;  jflad^p  0  Oil  yaO  400  .  Doancl  ansner  off  to  4  plaeoa.  Ho  Intarlook 


Numrator  (iMioaml)  Accuoulator 


Storaa  after  roeoiTing 


Uaaoalaator  (2  root)  AocuBulator 


iitoraa  after  HaoeWlag 


F  0  036  04o  000 


U  4  550  400  000 

P  0  102  000  000 
P  0  102  000  OOO 
P  0  102  000  000 
P  0  102  000  000 
F  0  102  000  000 


P  0  001  3(>0  4oo 


H  9  901  360  400 


M  9  013  6o4  000 
p  0  003  6o4  000 


p  0  030  o4o  000 
M  9  0^  o4o  000 


H  0  330  400  000 
U  0  732  Moo  000 
H  0  914  400  000 
096  4oo  000 
tl  9  270  000 

M  9  4oo  000 


p  0  100  000  000 


P  0  200  000  000 

>  9  900  000  000 
a  9  990  000  000 


u  9  900  000  000 

p  0  010-000  000 


F  0  001  000  000 


P  0  002  000  000 

M  9  999  000  000 


p  0  100  000  000 


p  0  300  000  000 

p  q  200  000  000 
P  0  190  000  000 


P  0  170  000  000 
p  0  100  000  000 
P  0  101  00b  000 


p  0  103  boo  poo 
P  0  102  000  000 


9  990  000  <X30 


P  0  100  000  000 


PTOgrara  output  pulvo  and  anavor  alupoanl  la  ^ranaj^ttad, 

iinsaar  ia  transmitted  fr<xD  aaounlnator  accunuluxora 
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VII,  PUNCTIOW  TABLE 

7,1  Function  Table  Circuits 

The  function  tciblc  is  located  on  tivo  panels  and  there  is  the 
portable  table  'A-hich  plugs  into  both  panels,.  Tabloc  7,1  and  7,2  give  aomo 
of  the  pertinent  dra’.7ing  numbers  and  PI- 7-301  shows  the  location  of  the 
various  circuits. 


Table  7,1 

PLUG- IK  UlJlTS 

Number  of  Units 

Name 

Wir ing 

Test  Charts 

11 

Transceivers 

PX-5-147 

PZ-5-129 

1 

Portable  Table 

PX-7-134 

and 

P1U7-135 

-  - _ 1 

__ 

7. 2  Oner at  ion  Test 

A  test  sequence  similar  to  that  described  in  section  2,4  of  the 
operating  manual  is  set  up.  After  initially  cloarinc,  set  oycliiig  unit  to 
1  add,  and  run  through  3  or  4  complete  cycles  of  tho  program,  observing 
both  the  neons  on  upper  panel  of  i'’unction  tablo,  and  nuiiibors  in  accumulators. 
Push  initiating  button,  thon  1  pulse-1  add  button  ropeatodly;  ivhon  program 
ring  is  on  second  (-2)  stage,  next  push  of  button  will  cause  argument  to 
bo  sant  to  function  tabic;  next  push  should  cause  units  ring  to  move  2 
stages  further;  second  push  after  this  should  ceuso  function  to  be  transmitted 
to  accumulators  and  function  teblo  rings  to  bo  cloarod. 

After  this  preliminary  chock,  return  cycling  unit  to  continuous 
operation,  initially  cloar,  and  run  through  100  argument  values.  At  each 
stage  of  this  process  the  accumulators  should  indicate  the  argument  and  the 


VII  -  2 


VII  .  3 


corresponding  function  as  set  up  on  the  portable  table.  To  check  -2  and  ->1 
arguments,  set  function  table  program  siritch  to  -2  and  initially  clear;  then 
function  shown  for  0  argument  Is  that  sot  on  -2  row  of  switches  and  that 
shown  for  1  argument  is  that  set  on  -1  row  (Note  that,  since  correction 
pulse  goos  into  argument  accumulator  at  beginning  of  cycle ,  zero  argument 
cannot  be  transmitted  immediately  after  initially  clearing;  to  get  zero 
argument t  either  cycle  around  until  argument  accumulator  shows  100,  or  pull 
out  argument  input  cable  at  function  table).  To  check  100  and  101  arguments, 
set  program  switch  to  +2  and  cycle  around  until  argument  accumulator  shoves 
98  and  99  respectively. 

If  in  tho  preceding  tests  the  progi'am  switch  is  sot  to  ^^subtract* 
instead  of  "add^,  leaving  all  subtract  pulso  switches  at  *0*.  tho  function 
transmitted  should  be  the  nines  ccmploments  of  the  numbers  sot  on  tho 
switches, 

7,3  Test  Procedure 
7.3.1  Rings  -  frequency 

To  cheCk  frequency  tolerahOd  of  riilgs;  pull  out  tUbes  specified 
and  feed  variable  oscillator  output  to  pin  8  of  socket  from  which  tube  was 
removed  in  case  of  argument  register;  pin  3  in  case  of  program  ring;  use  a 
series  condensers  other  side  of  oscillator  output  goes  to  ground.  Connect 
oscilloscope  to  any  convenient  static  output;  these  points  are  the  ones  to 
which  are  connected  wiros  in  the  cable  going  to  neon  bulbs  on  front  panel. 
Rings  should  count  at  frequencies  up  to  180  kc. 
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To  test  ring 

Pull  out  tubes 

Units 

D42 

Tens 

H43 

Program 

D49.  E49,  F49 

7.3.3  Rings  Vcltage  Tolerance 

Use  adaptor  made  for  this  purpose  together  with  variable  power 
supply;  rings  should  be  cycled  continuously  at  100  kc  using  variable 
frequency  oscillator  as  in  checking  frequency  tolerance.  Rings  should 
count  at  voltages  from  130  to  300  volts. 

7.3.3  Oscilloscope  Check  of  Function  Table  Outputs 

As  additional  check  on  oporation,  sot  up.  continuous  prograir^  No 
N  r> 

argumont  is  used.  Observe  output  by  plugging  triple  connector  into  output 
socket,  with  a  tray  load  box  plugged  into  ono  of  the  throe  outputs;  the 
scope  probe  can  then  bo  inserted  in  one  of  the  other  outputs.  IVith  program 
set  to  0  and  "add*,  the  number  of  pulses  observed  on  oach  channel  should  bo 
the  same  as  the  number  sot  on  the  corresponding  switch.  Operation  of 
subtract  pulse  sv/itches  con  be  checked  by  observing  appearance  of  1*  pulso 
on  an  output  channel  when  corresponding  subtract  pulso  switch  is  sot  to 
"S".  On  PM  channels,  9  pulses  should  appear  if  either  table  or  master 
switch  is  set  to  "iu".  PM  positions  on  constant  sYfitehes  are  most  convex 
nicntly  checked  by  observing  result  of  changing  corresponding  master  PM 
switch  from  *p"  to  "M*  or  vice  vorsa. 

7,4  Trouble  Shooting  Procodure 

In  the  following  list  will  bo  found  a  numbor  of  cases  of  abnormal 
operation  together  v/ith  their  probable  causes  and  remedies.  Before  making 
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any  other  tests,  soo  that  no  switches  arc  set  half-way  botwosn  detent 
positions. 

a.  All  rings  operate  continuously  -  may  bo  defective  transceiver; 
chock  to  soo  if  any  transceiver  neons  remain  on.  If  only 

one  remains  on,  replace  defective  unit.  If  more  than  one 
remain  on,  check  clear  s^tes  (A48,  B48,  C4B)  and  clear  tubes 
(A49,  B49,  C49);  also  initial  clear  buffer  (D48). 

b.  Program  ring  cycles  continuously  but  argument  register 
remains  cleared  .  check  repeater  input  gates  (D4B,  E49,  P49). 

c.  Program  ring  fails  to  cycle  -  chock  as  in  b.  above;  also 
check  pulse  former  tub'ss  (049,  H49,  J49),  Also  check  ring 
tubes,  particularly  if  ring  stalls  on  any  except  first  stago. 

d.  Argument  is  not  receivod  but  shifting  takes  place  normally  - 
check  tubes  K48,  MB;  if  only  one  digit  of  argument  is 
received,  check  D4S,  H42« 

e.  Neither  argument  nor  shift  pulses  received  -  check  pulse 
formers  (B42,  C42,  A41;  also  J42,  K42,  L42).  Chock  ring  tubes 
if  this  fails;  if  ring  stops  on  any  except  first  stage  (aero 
position),  it  is  almost  certain  that  a  ring  tube  is  defective, 

f.  iCrroneous  transmission  or  failure  of  transmission  for  ten 
adjacent  argument  values ,  others  OK  -  check  corresponding 
selector  input  gates  (on  top  chassis  of  panel  l)« 

g.  Jh^roneous  transmission  or  failure  of  transmission  for  all 
arguments  having  a  given  units  digit  (for  example,  8,  18, 

28,  38,  etc.)  -  check  vertical  drivers  (row  28  on  panel  1), 
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h.  Cor.it  inat ion  of  f,  and  g,  -  chock  807  oolootor  tubo  dt  inter¬ 
section  of  defoctive  row  and  column. 

i.  No  numbor  transciittod  on  a  given  digit  channel  -  check  tubes 
corresponding  to  that  digit  which  appear  in  block  marked 
"table  controlled  digit  output  channel"  or  "master  switch  and 
constant  transmitter"  on  drawing  PX-7-118.  If  Plii  channel 

is  defoctivo,  chock  corresponding  tub.:.s. 

j.  Failure  of  a  given  figure  to  be  transmitted  on  any  channel  - 


tubes  on 


and  driver  circuits"  on  drawing  PX. 7-116). 

k.  Spurious  transmission  on  a  givon  digit  channel  -  check 
corresponding  output  gate  inverters  and  output  gates. 


■T»  SfNCHDtniiiiie  P»i.tt-5Arc  Tp»V 


VIII  -  1 


VIII,  COWSTaICT  TRAlISiJITTSR  AND  IBM  READER 

Si  1  Circuits  of  tho  Cons tent  Transmitter 

The  folloTfiring  tciblcs  give  the  drav/ings  pertinent  to  maintaining 
the  constant  transmitter,  PX-11-301  shows  the  location  of  the  various 
plug-in  units  and  chasscs. 


Table  8.1 
PLUG-IN  UNITS 


Number  Used 

Name 

V/iring 

Test  Charts 

30 

Transceivers 

PX-5-147 

PX-5-129 

2 

Pulse  Boosters 

PX-1 1-115 

PX-11-125  ^ 

8, 3  Oner at  ion  Test 

An  operation  test  is  described  in  section  Z»6  of  the  operating 
manual »  The  actual  test  cards  (r^ith  nines  punches)  should  be  used  here 
since  (due  to  the  "1”,  *2",  *2'",  and  "4*  chanRels)the  constant  transmitter 
may  operate  correctly  with  certain  numbers  but  not  others. 

The  various  program  controls  can  be  checked  by  repeating  the 
above  test  and  successively  using  different  program  controls. 

Note  that  the  PL'  circuits  of  groups  and  were  originally 
wired  so  as  to  provide  the  correct  pulse  automatically.  This  would  moon 
that  negative  numbers  would  be  sot  up  as  complements  '.vith  respect  to  10*'-1, 
The  various  manuals  instruct  the  operator  to  set  up  negative  nvunbers  as 
Gomplomonts  with  rospoct  to  lO*',  This  means  that  tho  tubes  A*  29,  A' 30,  A' 70 
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A*  71 

and^should  be  removed  from  the  constant  transmitter.  Note  that  these  tubes 
are  shown  on  the  wiring  diagrams  but  not  on  the  block  diagram,  PX.11-307. 

8.3  Possible  Failures  in  Constant  Transmitter 

Possible  faults,  their  probable  causes  and  euros,  aro  listed 

below, 

a,  Failure  to  transmit  anything  on  one  digit  channel,  regardless 
of  group  used  -  chock  corresponding  column  of  tubes  on  gate 
chassis  of  praiol  1  (sec  cross-section), 

b,  Erroneous  transmission  of  one  digit  in  a  p:irtioular  group  - 
check  corrosponding  matrix  gate  on  panel  2. 

c,  Erroneous  transr.iscion  of  one  digit  in  several  groups  - 
chock  corresponding  pulse  gate  inverters  on  panel  2, 

8.4  The  IBM  Reader 

If  tho  operation  tost  shows  failures  which  aro  not  caused  by 
tube  failures  such  as  indicated  above  (section  0,3)  then  the  relay  circuits 
should  bo  chocked, 

A  crank  can  be  usod  to  slowly  turn  the  reader  through  a  card 
cycle  and  someone  can  v/atch  tho  coding  relays  to  Cg  on  the  schematic 
diagram  on  PX-11-116)  and  the  digit  relays  (see  PX-11-309), 

If*  all  these  relays  operate  properly  but  tho  constant  transmitter 
does  not  transmit  the  proper  number  then  the  gate  chesses  should  be  rochecked, 
and  perhaps  a  static  tost  (using  tho  static  test  chart)  is  indicated. 

If  the  coding  relays  do  not  operate  properly  chock  the  coding  cams 
in  tho  reader  (or  call  an  IBM  service  man  to  do  this). 
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Also  choclc  the  IBM  reader  plug-hoard  for  a  loose  connection  in 
ease  of  failure  in  one  channel. 

For  goner 0.1  failures  in  the  IBM  reader  call  the  IBM  service  man. 
In  all  such  cases  it  is  the  responsibility  of  the  maintonanco  porsornel 
to  definitely  locowto  the  failure  as  being  in  the  IBM  reader  proper. 
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IX,  THE  PRIIiTER  AMD  IBM  PTOCH 
9,1  CircultG  of  the  Printer 

Tho  printer  contains  no  plug-in  units.  The  gate  chasses  and  relay 
circuits  arc  listed  in  tho  follovdng  table. 


Table  9,1 

PRINTER  CIRCUITS 

Name 

Pos  it  ion 

ViTiring 

Tost  Charts 

Gate  A 

2 

3-20 

PX.  12-104 

Static : 

PX-12-111 

Gate  B 

2 

21  -  40 

PX- 12-105 

Gate  C 

2 

41  -  60 

PX- 12-106 

Gate  D 

2 

61  -  BO 

PX-12-107 

Relay  Strip 

1  and 

1  60 

PX- 12-103 

3 

IBM  Punch 

P3H2-112 

9,2  Test  Procedure  for  the  Printer 

Inspection  of  PX-lS-307  shoiws  that  the  printer  contains  a  tube  for 
each  digit  in  each  column  of  the  card  besides  tho  PU  circuits.  This  means 
that  euny  systematic  check  of  the  printer  must  involve  tho  transmission  of 
all  possiblo  digits  to  all  the  accumulators  (or  master  programmer)  from  which 
printing  is  done  and  a  card  printed  aftor  each  transmission.  Since  it  is  not 
odrlsabla  to  punch  the  same  number  in  all  columns  of  a  card  a  testing 
soquonce  similar  to  tho  following  is  suggostod. 

Cards  should  be  prepared  as  follov/s.  In  some  ton  digit  group,  say 
corresponding  to  Alr,  in  the  constant  transmitter,  the  following  numbers 
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should  ho  punched. 

(1)  P  0123456789 

(2)  P  1234567890 

(3)  P  2345678901 


(10)  P  9012345678 

(11)  M  0123456789 

Those  cards  arc  then  placed  in  the  IBM  reader  and  the  programming 
arranged  as  follows: 

1)  IBM  reader  roads  the  first  card. 

2)  Tho  numbers  of  or©  transmitted  to  all  accumulators  which 
participate  in  the  printing.  It  is  also  suggested  that  at  oach 
card  reading  one's  bo  transmitted  into  all  docados  of  the 
master  programmer  v/hich  pai-tlcipats  in  tho  printing, 

3)  The  printer  prints  the  number  in  the  accumulators  and  the 
master  prograraraor, 

4)  The  accumulators  are  sulootive  cleared, 

5)  The  process  repeats  until  all  the  cards  have  boon  read. 

Note,  that  if,  duo  to  the  typo  of  problem  on  the  EillAC,  it  is 

inconvenient  to  selective  clear  all  the  accumulators  involved,  tho  cords  for 
the  reader  may  be  prepared  as  follows* 

(1)  P  01234  56789 

(2)  P  11111  lllOl 

(3)  P  mil  11011 

(4)  P  mil  10111 


(10)  p  01111  mil 

(11)  p  mil  mil 
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The  Cards  punched  in  the  above  test  may  he  compared  visually  of 
they  may  be  compared  v/ith  a  standard  set  in  the  reproducing  punch* 

9«3  Types  of  Failure  and  Remfirly 

1)  Failure  of  motor  generator  on  punch 

a)  Check  a— c  povrar  supply, 

b)  Check  iiiterconiiect  ion  to  BNIAC, 

2)  Failure  of  punch  to  operate  when  programmed, 

a)  Card  magazine  empty. 

b)  Card  hopper  full, 

c)  Failure  of  starting  circuits  in  initiating  unit, 

(see  Chapter  II), 

d)  Failure  of  starting  relay  in  printer  (PJUIE-IOS), 

•)  Failure  of  punch  starting  circuits  (P3t.l2-112), 

3)  Punch  continues  to  operate. 

a)  Starting  circuits  in  initiating  unit  (see  Chapter  II), 

b)  Chock  reset  cam  in  punch  (PX-12-112). 

4)  Punch  operates  but  fails  to  feed  a  card, 

a)  Chock  condition  of  bottom  card  in.  magazine* , 

b)  possible  mechanical  failure  in  feed  mechanism.  Call 
IBM  service  department, 

5)  Punch  fails  to  punch  card, 

a)  Inspect  digit  relays  (P3U12-103)  back  of  panels  No*  1 
or  No*  3  to  soe  if  those  pick-up.  If  these  pick-up  and 
card  is  not  punched  then  failure  is  in  IBM  punch  or 
interconnection  cable.  If  these  fail  to  pick-up  thon  chock 
starting  relay  (PX-12-103)  and  interlock  com*  If  these 
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piok-up  but  fall  to  hold  check  holding  cam* 

6)  Fails  to  punch  In  a  particular  column.  Ohock  the  corres¬ 
ponding  tube,  rolay,  or  Jumper  connoctlon  on  plug-board« 

(Soo  PX-lS-104  to  107 »  PX-18-103,  PX- 13-305.) 

7)  Multiple  punches  in  sono  columns.  Chock  against  multiple 
program  pulses  circulating  in  the  ENIAC,  Chock  tubes  in  the 
associated  columns k 

6)  Intormittont  oxtranooua  punchings,  Check  associatod  relays 
for  spring  tension.  Vibration  may  cause  tho  relay  to 
gradually  pick  up. 
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X.  MASTER  PROGRAMMER 


lO«  1  Circuits  of  the  M&Bter  Proerfunmer 

Note  that  10  of  the  master  programmer  transmitters  are  located  on 
the  cycling  unit.,  see  FX-1— 301.  The  following  tables  give  a  list  of  the 
plug— in  units  and  chaesis  circuits  of  the  master  programmer. 


Table  10.1 


PLUG-IN  UNI^S 


Number  of  Units 

Name 

Wiring 

Test  Charts 

20 

Decade 

PX-a-101 

PX-e.l2S 

10 

Program 

PX-6-103 

PX-6-123 

10 

Pulse  Former  and 
Carry-over 

PX.6-104 

FX.8-124 

20 

Transmitter 

PX-8-105 

PX-8-122 

10 

Stepper 

- - -  - i 

PX-8-112 

PX.8-126 

Table  10.2 

GRASSES  CIRCUITS 

Name 

Position 

v/ir  tng 

Test  Charts 

Panel^^ 

Tubes 

Gate 

1  and  2 

1 

o 

o 

1 

r^ 

PX-8-106 

Static: 
PX-8-120A 
PX-8-120B 
PX.8-118 
Dynamic : 
P:G.8-121 

^<Note  that  the  two  panels  of  the  master  programmer  are  identical  in  their 
functions.  Thus  the  gate  chasses  are  Identical  on  the  two  panels.  However ■ 
the  plug-in  units  aro  not  arranged  the  saiAe,  some  being  on  the  cycling  unit 
panel. 
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10.2  Operation  Tests 

Most  tests  Can  be  made  using  only  the  initiating  pulso. 

a.  Initially  clear.  Food  initiating  pulse  into  each  decade  direct 
input  in  turn.  Decades  should  step  once  for  each  pulse.  If  next 
decade  to  the  left  is  coupled  to  the  one  being  pulsed,  it  should 
step  once  each  time  decade  being  pulsed  goes  from  9  to  0,  When 
decades  associated  in  a  group  register  number  set  on  top  row  of 
decade  switches,  they  should  clear  on  next  pulse, 

b.  Make  some  test  on  steppers,  using  stepper  direct  input.  Check 
operation  of  stopper  clear  sv/itch  by  sotting  to  vsirious  positions; 
stopper  should  count  up  to  position  corresponding  to  switch 
setting  and  thon  clear  back.  Since  clearing  is  done  by  CPP  only 

1  add  time  after  coincidence,  it  appears  to  be  caused  by  pulso 
which  puts  doendcs  into  final  position, 

c.  Chock  stopper  direct  clear  input  by  first  running  stepper  up 
to  some  stage  other  than  first,  as  in  (b),  and  thon  pulsing 
stopper  direct  clear  input.  This  should  clear  stepper, 

d.  Chock  overall  operation  of  each  stepper  by  feeding  pulsos  to 
regular  program  input.  Decades  associated  with  program  in  use 
should  register  each  pulso,  and  after  a  number  of  pulses  equal 
to  number  sot  on  top  decade  switches,  docados  should  clear  and 
stopper  move  up.  Similar  action  should  tako  place  for  each  of 
tho  six  stopper  stages  and  each  of  the  six  corresponding  sets  of 
dccado  switches, 

€,  To  chock  outputs,  use  same  procedure  as  in  d, ,  and  feed  output 
to  another  program  input.  Output  pulses,  one  for  each  input  pulse. 


X  ^  3 


should  be  obtained  as  long  as  stepper  is  on  stage  corresponding  to 
output  being  used;  when  stepper  tA07es  up,  pulses  should  be  obtained 
from  next  output,  etc, 

f.  If  it  is  desired  to  chock  operation  at  normal  speed,  a  continuous 
program  can  be  sot  up  using  tvro  selective  clear  transceivers,  food- 
ing  output  of  each  into  input  of  the  other,  and  us©  this  series  of 
pulses  in  tests  d.  and  o.  above.  Outputs  may,  if  desired,  be 
observed  on  oscilloscope. 


Croublo  Shooting 


Several  possible  faults  are  listed  bolov/,  together  with  their  probable 
causes  and  cures, 

a.  Decade  or  stopper  fails  to  cycle  and  will  not  cloar  to  first  or 
zero  stage  -  replace  decade  or  stepper. 

b.  Decade  clears  but  doos  not  cycle  -  replace  pulse  former  -  carry-over 
unit. 

C,  Decades  initially  clear  but  fail  to  clear  on  reaching  coincidenco 
with  switch  settings  -  check  coincidonco  gates,  parallel  gates, 
stopper  output  inverters;  if  none  of  those  arc  at  fault  replace 
program  plu^^in  unit. 
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XI,  A.C.  E'iUlPi^SNT  AND  POWER  SUPPLIES 


11,1  Introduction 

This  chaptor  covers  tho  following  topics t 

1)  A.C.  power  and  control  system. 

2)  Starting  sequence. 

3)  Povrer  supplies,  bleeder,  etnd  oondoiisers, 

4)  Coimnon  failures, 

5)  Ventilating  systom  maintenance. 


11,3  A,  C.  POYfor  and  Control  System 

The  complotc  diagram  for  the  power  and  control  wiring  is  shown  on 
drawing  PX-l-lOl,  Tho  rack  from  vrhioh  the  A.C,  poivar  is  distributed  to 
the  EjilAC  heaters,  to  the  fans  and  to  the  power  supplies  is  shovm  on  PX-1-304, 
Simplified  v/iring  diagrams  of  tho  povrer  system  and  control  circuits  are 
shown  on  the  following; 

FX- 1-303  Power  System  Block  Diagram 

PX- 9-307  Cycling  Unit  and  Initiating  Unit 

Block  Diagram. 


11.3.1  Fuses 

Fuse  sizes  are  shovm  on  the  drav/ings  as  follows; 
A.C.  Main  Fuses  PX-1-101 

Power  Supply  Heater  Fuses  PX-13-111 

Fovrar  Supply  Plate  Fuses  PX-13-111 


D.C.  Circuit  Fuses 


PX- 13-10 8 


XI  -  2 


These  d_c  circuits  and  the  pov/er  supply  heater  circuits  use 
Western  Electric  alarm  type  fuses  in  the  following  sizes;  1/4  amp,  1/2  amp, 

1  1/3  amp,  2  amp,  3  amp,  and  5  ai.ip.  In  certain  cases  (those  marked  5S  on 
PX-13-102)  the  5  regular  ampere  fuse  was  found  to  be  inadequate.  Western 
Electric  Company  does  not  manufacture  those  fuses  in  larger  than  s  ampere 
rating.  The  5S  fuse  is  made  by  refilling  a  5  amp.  Western  Electric  fuse 
(catalog  No.  35j.i)with  a  nev/  link  of  Advance  alloy  round  wiro,  0.0126  inches 
in  diameter, 

11. 3  Starting  Sequence 

Drawing  PJC- 1-112  is  a  chart  designed  to  aid  in  locating  troubles  in 
the  main  power  sources  which  may  develop  during  either  the  starting  operations, 
or  during  running  operation  but  affecting  the  main  power  sources  or 
auxiliaries  (fans). 

In  using  the  chart  it  should  bo  remembered  that  since  each  stop 
is  dependant  on  the  previous  step,  the  point  at  which  the  sequence  fails  should 
be  determined  so  that  possible  troubles  beyond  that  point  need  not  bo 
investigated. 

When  trying  to  locate  trouble  which  has  turnod  the  entire  machine 
off  certain  safety  switches  on  the  a-c  distribution  panel  should  be  opened. 

This  prevents  any  testing  (by  going  through  portions  of  the  starting 
sequence)  from  subjecting  the  tubes  to  numorous  heating  and  cooling  cycles 
(which  would  inerjaso  tho  probability  of  failure  of  the  tubes).  If  this  is 
done  certain  protective  relay  circuits  may  be  shunted  for  testing  purposes 
’Without  endangering  the  ENIAC,  Furthermore,  the  control  wiring,  contactor  and 
relay  adjustment,  and  entire  starting  sequence  may  then  bo  tested  without 
turning  the  main  power  on  provided  the  under- voltage  release  and  phase 
failure  relays  are  shunted. 
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11.4  powor  Supplies .  Bleeders,  and  Oondftnsftrs 

Th„  following  drawiiigs  shov/  tho  v/’iring  from  tho  a-o  sourcos  shown 
on  PX-UlOl  through  th&  powor  supplies  to  the  point  whore  tho  d-c  terminates 

Stajidard  Povror  Supply  Wiring  Diagram 
Povror  Supply  and  Wiring  Diagram 

Power  Supply  to  Slcadcrs  Intor connect  ions 

Bleeder  Wiring  Diagram 

D_C  Voltage  Chart  (shows  blooder  to  d-c 
panel  connoctions) 

D-C  Voltage  Chart  (shows  d-c  panel  to 
condenser  connections) 

Power  Supply  Condenser  "Wiring  Diagram 


If,  after  attempting  to  turn  the  d-o  on  by  depressing  the  d-c 
start  button,  the  d-c  trips  off  at  the  end  of  the  10  second  initial  clearing 
•period .  usually  t'ne  trouble  is  caused  by  an  undervoltage  from  one  of  the 
26  power  supplies  (undervoltage  in  supply  Z  vdll  not  trip  d-c).  Proper 
procedure  to  locate  trouble  is  as  follows: 

1,  Turn  d-c  on  again  by  d-o  start  button  and  check  power  supply 
fuses  by  observing  neon  lainps  in  top  of  d-c  fuse  cabinet, 

2.  If  1.  does  not  detect  the  trouble,  place  a  .^u>i"p®r  across  the 
series  stop  circuit  ydiich  runs  through  the  undervoltage  relays 


at  each  unit  as  noted, 

11.4.1  Supplies 

PX-13-104 

PZ-13-106 

11.4.2  Bleeders 

PX-13-106 

PX-13-112 

PX-13-102 

11.4.3  Condensers 

PX-13-102 

PX-13-109 

11,5  Common  Failures 
11.5,1  D-C  Undervoltage 
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(relays  are  located  in  one  of  the  by-pass Ing  condenser 
cabinets).  Turn  d-o  on  again  and  note  \^ich  relay  falls  to 
hold  Wien  piclc-up  relays  drop  out.  Caution:  1500  volts  d-c 
potential  on  so:/io  relay  contacts.  Check  corresponding  povrer 
supply  for  a  tubo  with  a  faulty  heater.  Caution:  After  replacing 
a  power  supply  tn.be  aliow  1  minute  warra-up  time  before  turning 
d-o  on, 

3,  If  no  tubes  are  faulty  check  line  fuses  in  power  supply  fuse 
panel,  by  removing  pull-out  block,  and  testin^  with  an  ohm- 
metor ,  or  so;i.e  other  continuity  chockine  device. 

4,  Do  Rot  forget  to  reiriovc  jumper  across  undorvoltage  rolays, 

11.5.3  D-C  Fuse  Failures 

Quito  freq^uontly  tho  operator  forgets  to  sot  the  operation  switch 
on  ''DontinuouB"bcforo  turning  on  tho  d-c.  This  will  result  in  the  blowing 
of  a  d-c  fuse. 

Locating  a  blown  d-c  alarm  fuse  is  usually  not  difficult,  for  these 
fuses  have  indicators  which  stand  out  whon  the  fuse  has  blown.  Occasionally, 
however,  tho  fuso  wire  may  stretch,  but  not  break  (if  it  is  operating  noar 
its  rating)  permitting  the  alarm  contact  to  close  and  tripping  the  d-c  off. 

In  such  cases,  a  persistant  and  close  inspection  may  be  required  to  locate 
the  offending  fuse,  The  correct  sizes  of  fuses  are  shown  on  drawing  PX-13-102, 

Under  certain  conditions,  on  turning  the  d-c  the  machine  will 
trip  off  before-^ oinploti Oil  of  the  10  second  period  due  to  blowing  a  d— c  fuse, 
'•iitj  blown  fuse  may  be  caused  by  an  undervoltago  in  one  of  tho  d-o  supplies, 
nnd  it  is  suggectod  that  this  possibility  be  investigated  before  assuming 
tliat  the  trouble  is  in  one  of  the  EIIIAC  units. 
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11.5.3  D-C  Undcrvoltago  Roloaso  Relays 

P3t»13-ll3  shows  the  oonnoctions  and  arrangement  of  these  relays 
which  are  located  in  the  hy  passing  condenser  cabinot  and  connected  to  tho 
d-c  at  that  point. 

11.5.4  D-C7  Panel  to  ENIAC  Units 

PX-13-102  D-C  Vo It a go  Chart 

PX-13-107  Chart  for  D-C  V/iring  in  Power  Trough. 

This  chart  will  aid  in  dotorraining  what 
voltage  appears  on  each  terminal  of  tho  blocks 
loeatj.d  in  the  power  wiring  trough, 

PX- 13-1 15  A  and  B  D-C  'Yiring  in  Power  Trough, 

Those  drav^ings  onablo  ono  to  trace  each  volt  ago 
from  the  panol  to  tho  various  terminal  blocks 
at  tho  3NIAC  units  on  vdxich  it  appears. 

11.5.5  Roplacomcnt  and  Design  Data 

PX-13-103  Power  Supply  Drains 

PX-13-104  Standard  Power  Supply  iYiring  Diagram 

PX-13-108  Power  Supply  Z  Vriring  Diagram 

PX-13-109  Power  Supply  Condenser  '/Yiring  Diagram 

PX-13-110  Moasuroincnts  on  Chokes 

pX-13-111  Power  Supply  Data  Chart 

PX-13-lia  Bleeder  Wiring  Diagram 

PX-13-114  Power  Supply  Specifications 

Power  Supply  Roplacoincnt  Part  Test  Data. 


PX- 13-1 16 
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11.6  Ventilation  Svstmn 
11.6.1  Fans 

The  fans  used  in  ventilating  the  ENIAC  are  Ajnerican  Blov/er 
Utility  Sets  No.  250C. 

1.  Speed  Adjustment. 

Each  fan  unit  is  equipped  with  adjustable  motor  sheaves.  The 
Speed  of  these  units  may  he  increased  by  adjusting  the  motor  sheave  until 
the  desired  air  delivery  is  obtained.  To  increase  the  fan  stjeed  (correct 
speed  is  770  RPM)  the  movable  flange  of  the  motor  sheave  must  bo  turned 
toward  the  fixed  flange.  An  Allen  wrench  is  provided  to  loosen  tho  set¬ 
screw  locking  the-  flange.  After  the  flange  has  been  turned  the  required 
ajnount ,  tho  setscrew  should  be  tightenod  locking  the  flange  in  place. 

Caution :  The  flange  must  bo  in  such  a  position  that  the  locking  screw 
rests  on  the  flats  and  not  on  tho  threaded  protion  of  tho  hub.  If  nocussary, 
the  bolts  should  be  adjustud  as  described  below.  All  set  screws  should 
be  carefully  chockod  and  tiglitonod  at  least  four  times  por  year. 

2.  V-Bolt  Drlvos 

Belt  tension  should  bo  just  sufficient  to  eliminate  excessive 
Sag  on  the  slack  sido.  To  adjust  the  bolt  tension  loos  on  the  bolts  holding 
the  motor  mounting  plate  to  tho  vibration  dampeners,  Tho  moiuiting  plate 
may  then  be  moved  vertically  up  or  down  to  the  dcsirod  position  and  tho 
bolts  tightenod.  On  unit,  Model  No.  250C,  the  raotor  may  readily  bo  moved 
horizontally  for  minor  bolt  adjustments. 

To  replace  b,lts,  remove  tho  bolts  from  the  sheaves,  then  remove 
the  belts  from  the  ends  of  the  bearing  support,  tilt  the  bearing  support 
member  until  belts  can  be  removed  and  the  replacement  made  over  the  ends  of 
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"the  suppor't  monber*  Belts  niay  also  be  replaced  by  removing  bearing  cap  and 
pulling  belts  through  the  shaft  hole  in  bearing  support. 

The  following  are  typical  V-Belts  to  be  used  for  replacing  belts 
which  may  become  worn  or  may  break:  Dayton  >v3B ,  Thermoid  No.  1400,  Brovming 
VR.'UPilP-lSe, 

Motor  Bearings 

The  fan  motors  are  provided  with  ball  bearings.  Ball  bearings  are 
filled  v/ith  grease  before  leaving  the  factory.  This  greaso  should  be  re¬ 
plenished  each  six  months. 

Grease  should  be  applied  to  the  bearing  from  tubes  which  may  be 
obtained  from  the  Fafnir  Bearing  Co.  or  local  ball  bearing  distributors, 

Hig^  pressure  groaso  guns  force  too  much  grease  into  the  bearings  and  through 
seals  and  therefore  should  not  bo  used.  Uso  only  grease  having  the  follow¬ 
ing  general  specifications: 

1,  Consistoncy  a  little  stiff or  than  vaseline  maintained  with 
minimum  change  over  osibient  tcraporaturea  encountored, 

Z,  Melting  point  preferably  above  150°  C. 

3.  Freedom  from  separation  of  oil  and  soap  under  operating  and 
storage  conditions, 

4,  Froodom  from  abrasiva  matter,  acid  and  alkali. 

The  following  greases  or  equivalents  txre  rocaiimonded :  Keystone  44, 
Master  1^31 ,  Alemite  38, 

4.  Fan  Bsarings 

Pans  are  equipped  'with  self  aligning  sleeve  bearings  of  the  bronze 
bushing  typo.  The  oil  is  distributed  by  means  of  graphite  packed  oil  grooves. 
Do  not  remove  this  graphite.  Do  not  insert  any  piping  or  pipe  fittings 
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botweon  oil  cup  rmd  bearing.  Fill  the  bearing  with  a  good  grado  of  mineral 
oil  of  SAE  viscosity  Ho,  40,  To  fill  tho  oil  reservoir  of  fan  bearings, 
place  nozzle  of  oil  can  in  tho  bottom  of  the  oil  cup,  forcing  in  the  oil 
until  the  reservoir  and  cup  are  full.  For  room  temperature  100®  P  or  above, 
uso  SAE  No,  50  or  60.  This  type  and  grado  oil  is  the  some  as  used  in 
automobile  motors.  Inspect  bearings  at  loast  once  evc-^ry  30  days, 

5.  Failuro 

Should  a  single  fan  stop,  this  will  probably  be  caused  by  a  fuse 
blovfing  in  tho  fan  circuit,  Theso  fuses  ore  located  in  tho  fan  panel  — 
sec  dr&v/ing  FX-1-304.  The  fuses  used  to  protect  tho  fans  from  overloads 
aro  special,  but  readily  available.  These  fuses  are  Bussman  Manufacturing 
Company's  6,25  amp  230  Volt  Cartridgo  Type  Pusotrons,  Only  fuses  having  a 
thermal  time  delay  charactoiristic  and  rated  at  6,25  amperes  should  be 
used  for  those  fans.  Otherwise  all  motor  protection  (danger  of  burning- 
out  windings)  is  lost.  Another  acceptable  fuse  is  Shav/mut  lianufaotur ing 
Company's  "Thernatrip" , 

Should  those  fuses  blow  a  second  time  after  having  just  been 
replaced,  tho  motor  should  be  inapactod  for  causes  of  overload  such  as  lack 
of  oiling,  worn  bearings,  tight  belts,  etc.,  and  for  grounds. 

All  fans  stopping  at  once  may  bo  caused  by  a  failuro  of  the  fan 
source  of  power  caused  by  fuse  operation,  or  manual  opening  of  one  of  tho 
circuit  safety  switches  located  on  the  e-c  distribution  rack  and  in  back  of 
tho  machinery  laboratory  sivitchboard.  Pan  power  is  unregulated  and  is 
separate  from  SNIAC  power  -  see  FX-l-lOl. 
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lit  6. 2  Air  Filturs 

The  air  filters  used  in  the  doors  at  the  rear  of  tho  EWIAC  arc 
"Dustop"  air  filters  as  manufactured  by  tho  Ov/ons-Corning  Piborglas  Corp. 
Similar  filters  by  other  manufacturers  may  be  used  but  care  should  be  taken 
to  select  a  filter  vdiich  uses  a  fireproof  adhesive  similar  to  the  Lindall 
adhesive  used  by  Owens-Corning  Piberglas  Corporation. 

Two  sizes  of  filters  are  used:  10"  x  20"  x  2",  and  20"  x  20"  x  2", 
tv/o  of  the  former  being  used  only  in  those  places  where  one  20"  x  20"  x  2" 
cannot  be  conveniently  installed,  i.o,,  in  the  bottom  inlet  on  the  two 
inlet  doors,  and  in  the  two  bottom  inlets  on  the  three  inlet  doors. 

In  the  ivioora  School  installation  the  20"  x  20"  x  2"  filters  are 
also  used  in  the  fresh  air  inlet  chamber. 

The  frequency  of  changing  the  filters  depends  on  prevailing  dust 
conditions  ai'id  ca:i  best  be  determined  by  examination  and  exporionce.  An 
indication  of  the  filter's  condition  can  bo  obtained  by  the  tsuipcrature 
guages  in  tho  ducts  above  each  unit,  -irith  new  filters,  the  temper aturo 
rise  in  each  unit  v/ill  bo  approximately  11®  P  above  room  ambiont.  Should 
a  considerably  larger  rise  occur,  and  visual  examination  of  the  filter 
indicates  that  they  aro  quite  dirty,  they  should  bo  changed. 

11,6.3  Door-of-Unit  Dampers 

These  darr.pors  aro  those  vihich  adjust  the  flow  of  air  through  tho 
abovo  raontionod  air  filters.  Tests  have  proven  that  for  uniform  temperature 
to  exist  within  the  cabinets,  75  7°  oC  the  air  should  enter  through  tho 
lo’wor  intake,  and  25  %  through  the  upper.  Tho  dampers  should  bo  adjusted 
accordingly,  v/ith  the  fins  of  tho  dampers  so  adjusted  as  to  drive  the 
incoraing  air  toward  the  bottom  of  tho  cabinet.  All  fins  of  any  one  dampor 
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should  assmna  tho  scuno  EUiglc  so  as  to  insure  the  uniformity  of  tho  filter’s 
dust  coll'iction, 

11.6.4  Recirculating  Dampers 

The  ventilating  ducts  are  arranged  with  automatic  dampers  vdiich 
tend  to  keep  tho  EMIAC  room  at  the  tomporaturo  set  on  the  controlling  thermo¬ 
stats  (the  two  thormootats  which  arc  set  on  tho  building  wall  behind 
accumulators  9  and  15),  The  dampers  are  so  arranged  that  when  the  room 
temperature  rises  above  thermostat  setting,  more  air  will  be  exhausted 
to  tho  outside  and,  less  into  the  room  and  vice  versa. 

The  v/iriiig  diagram  for  this  system  is  slioivn  on  dravang  PX-l-lOl, 

The  manufacturer’s  (Minneapolis-Eonayv/ell  Regulator  Co.)  catalog  numbers 
are  also  given  on  this  drawing.  In  the  diagram  shown  it  may  have  been 
necessary  to  interchange  the  3  and  W  wires  to  obtain  proper  operation. 

The  location  of  the  damper  motor  circuit  fuses  is  shown  on  drav/ing  PX-1-304, 

11.6.5  Service  Required  by  Recirculating  Damper  Motors 

Inasmuch  as  all  moving  parts  of  the  damper  motor  are  immersed  in 
oil,  periodic  lubrication  is  not  necessary.  The  cover  should  be  left  on  tho 
motor  at  all  times  to  protect  tho  motor  from  dust  and  mechanical  injury. 

It  should  bo  noted  that  tho  balancing  rolay  armature  is  adjusted 
to  "mtUco"  contact  on  one  side  when  the  relay  is  dc-enorgizod. 

All  sot  screws  on  the  motor-to-dampor  linkages  should  bo  chocked 
onco  each  month. 

Listed  bGlo\Y  are  causos  and  effects  of  certain  conditions  which 
may  oxist  in  the  control  circuit, 

1,  Srokon  red  wire  or  blue  v/iro  in  control  circuit:  Kotor  will 
run  to  the  closed  position  aiid  stay  there. 
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_  2t  Brokoii  white  v/iro  iii  control  circuit:  Hotor  will  run  to  the 

open  position  c,nd  stay  th  ro, 

3,  Looso  or  dirty  contact  on  control  potent ioMc tor  s  iiotor  will 
run  to  tho  close  position  \7h0n  the  v/ipor  on  tho  control 
potent iomc ter  is  it  a  position  whoro  a  poor  contact  is 
cstabliohod, 

4,  Insufficient  voltage:  The  sensitivity  of  tho  control  circuit 
vrill  be  roducod,  and  tho  power  of  tho  motor  v/ill  bo  materially 
lessoned  by  n  voltage  drop, 

11.6,6  Rooti  Thermostats 

Sotting  of  Room  Thormostata.  T-92A  -  Turn  temperaturo  sotting 
screw  on  top  of  thormostat  until  indicator  points  to  tho  desired  average 
room  temperature  on  tho  scale. 

Adjustment  of  Room  Thermostats.  Factory  calibration  -  All 
thermostats  are  carefully  calibrated  at  the  factory  and  no  attempt  should 
be  made  to  change  any  adjustment  other  than  those  mentioned  under  * Setting" 
uiilesB  the  thsrmostat  is  found  to  be  out  of  calibration  after  being  in 
actual  operation  for  several  hours. 

Thermostats  with  non-adjustable  differevit ials  (TS2A)  arc 
calibrated  so  that  tho  sliding  contact  is  at  tho  center  of  tho  potentiometer 
coil  when  the  rooiA  temperature  is  oqual  to  tho  sotting  of  tho  indicator, 

Caro  must  bo  exorcised  in  checking  tho  adjustment  of  those 
thermostats  sinco  heat  from  the  potentiom-^tor  coil  affects  the  thermostat 
calibration  and  the  reading  of  the  cover  thormometor  (if  used)  to  tho  extent 
of  about  3°.  Tho  thermostat  should  therefore  not  bo  chocked  until  it  has 
boon  In  operation  with  the  power  on  and  with  tho  cover  in  plaooi  for  at  least 
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an  hour.  To  chock  tho  adjustment,  (this  should  ho  done  as  quickly  as 
possible,  before  the  heat  from  the  potentiometer  can  be  dissipated,  and  to 
prevent  heat  from  your  hands  or  breath  from  affecting  the  calibration) 
remove  the  cover  aiid  set  the  indicator  to  the  room  temperature  as  indicated 
on  the  cover  thori^iometor  or  other  reliable  thermometer  placed  near  the 
thermostat.  Then  observe  whether  tho  sliding  contact  is  in  tho  proper 
position  (see  procodins  paragraph).  If  it  is  not,  t\irn  calibration  screw 
(on  bottom  of  thermostat)  to  the  right  or  left  as  necessary  to  correct 
the  adjustment  (turn  to  the  right  to  move  slider  to  tho  right).  Each 
11/2  turns  is  equal  to  approximately  1°, 

11,6,7  Thermostats  for  EIJIAC  Protection 

These  tcmpjraturo  controllers  are  of  Mlnneapolis-Honeywell 
Regulator  Compainy' s  manufacture  and  are  rated  as  folloivs ; 

Remote  Bulb  Controller 
Catalog  IIo.  T-615A 
Rango  +65°  to  140°  F 
5  ft.  Tubing  with  Bulb 


>'!othod  of  Setting  and  of  Adjusting, 

at  top  of  box  . 

1,  Turn  adjusting  scrow^until  tho  indicator  on  tho  o'utside  oi  tne 

case  is  opoositc  the  desired  "cut-out"  tomperaturo,  "R  to  W"  contacts 

mak'w  on  temperature  riso  -  "R  to  3"  makes  on  temperature  fall.  Scale 

divisions  are  marked  numerically,  Each  Parcnh-;it  division  (on  the  loft) 

•  equals  10°  etnd  each  Centigrade  division  (cn  tho  right)  oquals  5°.  T'ho 

notations  "L"  and  "H"  represent  the  low  and  high  end  of  the  scale  rang'o- 


2,  On  T615A  Controller,  tho  differential  botv/ocn  cut-in  and 
cut-out  temperatures  muy  bo  incroased  by  turning  adjusting  screv:  to  the 
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fight,  -rhich  raises  the  indicator  from  "A*  toward  on  tho  difforontial 
scale.  Tho  equivalent  numher  of  dcgroos  for  each  division  from  A  to  H 
varies  vfith  each  scale  range  and  with  the  point  at  which  tho  indicator  on 
tho  main  scalo  is  set*  Tho  approximate  values  howovor  aro  as  follows:  If 
tho  main  scale  indicator  is  sot  near  tho  low  end  (65®  P)  each  division 
from  «A"  to  "H"  equals  approximately  3  3/7°,  at  tho  high  end  each  division 
equals  approximately  1  3/7°, 

For  direct  acting  controls,  tho  cut-in  toiaporature  plus  tho 
different ial  equals  tho  cut— out  tomporaturo ,  and  for  rovorso  acting  controls, 
tho  cut-out  temperature  plus  the  differential  equals  tho  cut-in  temperature. 

Mercury  Switch  Adjustment:  If  the  operating  differontial  of  tho 
controller  is  considerably  smaller  than  that  for  v'hich  tho  indicator  is 
sot,  tho  mercury  switch  may  bo  out  of  adjustment.  This  sometimes  occurs 
v/hen  a  broken  sivitch  is  rcplacod.  Before  making  any  adjustments,  hmvever , 
bo  suro  that  the  difficulty  is  not  due  to  tho  controller  being  "off  levol." 
Note  the  level  indicator. 

The  adjustment  may  be  checked  as  follows:  Sot  the  difforontial 
indicator  approximately  at  inid-scalo,  and  the  temperature  indicator  so 
that  tho  operating  lover  rests  lightly  against  its  upper  stop.  Pross  down 
on  the  left  hand  end  of  tho  operating  lever  until  it  is  about  midway 
betwoen  its  upper  and  lower  stops  and  just  touches  the  differontial  lover. 
This  movement  should  not  cause  the  mercury  to  change  ends  in  the  switch. 
Further  downward  pressure  on  the  operating  lever  vyill  force  it  to  the 
lov/er  stop  carrying  the  differential  lever  with  it  and  will  cause  the  switch 
to  tilt  and  shift  the  mercury.  Now,  allow  the  operating  lever  to  slov/ly 
return  to  midvmy  betv/een  stops  and  note  that  the  mercury  should  not  shift 
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its  position.  Allow  the  opereiting  lever  to  return  to  its  upper  stop  and 
the  switch  should  tilt  back  to  its  original  starting  position. 

If  the  switch  does  not  operate  in  this  manner •  turn  the  eccentric 
screw  slightly  to  the  right  or  left  as  necessary  and  re-ohock  as  outlined 
above. 

To  Replace  Mercury  Switch:  Note  that  the  arrangement  of  tho 
contacts  and  flexible  loads  and  make  sure  that  they  are  in  proper  position 
when  the  new  switch  is  in  place.  Use  the  point  of  a  knife  to  pry  tho 
sv/itch  clip  loose  from  tho  inorcury  switch  -  never  attempt  to  broolc  it  loose 
with  your  fingers.  Yftrap  two  layers  of  friction  tape  around  the  switch  to 
take  the  place  of  the  ambroid  comont  bbforo  placing  tho  switch  in  tho  clip. 
Chock  tho  adjustment  as  outlined  above. 

Correct  Temnoraturo  Sotting  of  Thermostats 

The  correct  cut-out  temperature  is  120°  F,  for  tho  ENIAC  units, 
Tho  ventilating  system  v/as  designed  to  permit  approxirnatcly  11°  rise  over 
ambient  temperature  with  now  air  filters.  This  would  permit  satisfactory 
operation  on  days  during  which  tho  ambient  tomporaturo  was  100°  P  allowing 
a  safety  margin, 

Tho  equipment  in  tho  power  supply  and  blcodor  cabinets  vrill  not 
be  endengerod  if  the  temperature  rises  20°  P,  and  so  the  thermostats  may 
bo  Sot  up  to  130°  P  if  found  nocorasary. 

The  absolute  maximum  tomporature  to  which  any  of  the  ventilated 
equipment  can  bo  safely  subjected  is  180°  F,  including  tho  thermostat  eulb 
and  due  consideration  being  givon  to  tho  possibility  of  "hot-spots"  it  is 
felt  that  tho  aforomontioned  settings  are  reasonable. 
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Is.  1  Lis't  of  Test  E^uipneii't 


12  Coaductor  Hon-Shielded 
Cable 


4  Conductor  Connection 
Cable 


2  Conductor  Connection 
Cable 


12  to  10  Conductor  Special 
Cable 


3  connect  synchronizing  unit 
to  its  supply. 


1  connects  variable  supply 
to  bench. 


Connects  synchronizing 
supply  to  AC 


To  connect  pulse  amplifier 
to  bench 

"For  outp at"  load  on  pulse 
amplifier. 
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1  List  of  Test  Equipment  (cont'd) 

Item 

• 

\ 

Dravfing  j  Quantity 

Remarks 

Tube  Circuit  Plug-in 

Tester 

2 

Plug-in  Unit  Pullers 

2 

For  use  in  removing  units 
from  EH I AC, 

Current  Flow  Test  Set 

1 

Used  to  adjust  relay- 
consists  of  tool  box  and 
contents. 

Static  Tester 

FXr- 2-109 

1 

For  use  with  static  test 
charts  for  SNL’iC  panel. 

3ook  of  Photostats  of 
j  ■'.'/iring  and  Tost  Drav/^ings 

1 

Plug-in  unit  drawings. 

;  Service  Logs 

3 

1  for  EKIAG,  2  for  units. 

Push  Switch  and  Cord 

1 

For  moi^ual  pulse  devices. 

Screwdriver 

1 

Diagonal  Cutters 

1 

Long  i^ose  Pliurs 

1 

Soldering  Iron 

1 

Variable  Pov/er  Supply 
Adaptor 

1 

For  connecting  variable 
power  5upplj7  to  Lultipliar, 
Cycling  Unit;,  and  Function 
Table  panels. 

1 2, 2  Description  Lind  ■  .'aintenance 

The  followiUG  chart  (Taole  12,2)  lists  the  uses  of  the  outputs 
of  the  synchronizing  unit  illustrated  in  drawing  PX-2-302  as  used  in 
testing  tho  plug-in  units  as  illustrated  in  druv/ing  PX-3-301. 
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Plug-in  Unit 

Drawing 

Fixed 

Scope 

Variable 

Train 

;Yir  ing 

Test 

+ 

- 

pM  and  Clear  Unit 

PX-5-108 

PX-5-127 

Clear  Tubes 

Trans .  Tubes 

Pli  Counter 

Acc.  Decade  Unit 

5-133 

5-126 

Carry  Out 

Trans.  Tubes 

Ring 

Acc.  Transmitter  Unit 

5-147 

5-129 

Sets  F,P. 

Resets  P. P, , 
transmitter 

Acc,  Receiver  Unit 

5-148 

5-128 

Sets  F.P. 

Resets  F.P. 

kcc.  Repeater  Unit 

5-149 

5-130 

Ring  (if 
trans.  used) 

Ring  ( if  no 
trans.  used) 

i^ult,  Buffer  Unit 

6-107 

6-130 

Drives  buffo  is 

_ 

M.P.  Decade  Unit 

8-101 

8-125 

+  and  -  treii  operate  liPPF 
unit 

i  li.P,  PrograJa  Unit 

j _ 

8-103 

8-123 

Sets  F.P. 

Resets  F.F, 

Drives  steppei 
gate 

i/l.P.  Pulse  Porraor 
and  Carry  Over 

8-104 

8-124 

Drives  PP 
through  inv¬ 
erter 

Drives  PP 
direct 

ii.P.  TranSiViittor  Plug¬ 
in  Unit 

8-105 

8-T2'2“ 

Drives  trans. 
gate 

li.P.  Stepper  Plug-in 
Unit 

8-112 

8-126 

Drives  ring 

G.U.  Transmitter  Plug¬ 
in  Unit 

9-102A 

9-102B 

9-123 

Drives 

invertors 

Reader  Interlock  Unit 

9-103 

9-124 

Push  button 
sets  unsyn. 

F.P, 

Sets  syn.f.f. 

Resets  syn. 

f.f. 
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Table  12,  2 

(cont'd; 

_ 1 

Plug-in  Unit 

Drawing 

Train 

Wiring 

Test 

Fixed 

Scope 

Variable 

+ 

- 

Reader  Printer  Start¬ 
ing  Unit 

PX-9-104 

FX-^122 

Push  Button 
resets 
reader  f»f. 

Set  reader 
and  printer 

f.f. 

Resets 
printer  f.f. 

Initiating  Pulse  Plug, 
in  Unit 

9-lOS 

9-125 

Push  Button 
sets  unsyn, 

f.f. 

Sets  syn.  f.f. 
Resets  both 
f.f.  and 
trans .  pulse 

Reader  Transmitter 
Plug-in  Unit 

9-106 

9-121 

Sets  and 
resets  f.f. 

Cycling  Unit  Delay 
Line  and  Off  Beat 

P.S.  Unit 

9-130 

9-139 

Drives 

Pulse  Stan- 
dardizer 

Cycling  Unit  Oscilla¬ 
tor,  Llanual  Falser 

Unit 

9-131 

9-140 

Push  Buttoi 
operates 
Pulse 
former 

Cycling  Unit  On-beat 
Pulse  Standardizor 
and  Amp-Plug-in  unit 

9-132 

9-141 

_ 

Dr ives 

Pulse  Stan- 
dardizer 
ani  Amp. 

Constant  Transmitter 
Pulse  Booster  Unit 

11-115 

11-125 

j  Drivos 

■  Buffer 
( 

- T — 

Pulso  ^nplifior 


4-116 


4-116 


Drives  Input 
Buffers 


I 


XII  -  5 


12,2.1  Maintenance  of  Test  Equipnent 

Static  and  dynariic  test  charts  are  provided  for  the  synchronizing 

unit  and  the  tost  osoilloccopo.  Thoir  numbers  arc  .PX-2-112  end  PX-2-110 

rospoctivoly.  The  variable  pov/er  supply,  the  test  oscillator,  and  the 

regulated  power  supplies  are  essentially  of  standard  design  so  that 

maintenance  can  easily  bo  provided  by  direct  use  of  the  wiring  drawings 

given  in  tho  list  in  soction  12.1,  The  tost  bench  is  cssontially  a  wiring 

distribution  socket  panol  similar  in  most  respects  to  tho  socket  panels  of 

the  El'JIAC  proper.  The  fusing  and  AC  power  control  features  aro  copies  of 

similar  oquipmont  for  the  E’iilAC,  Familiarity  with  E^IAC  maintononco  in 

which 

those  respects  provide  an^ilc  backgrouiid|ytogether  \?ith  the  v^iring  diagrams 
appropriate  to  the  tost  equipiriont  arc  all  that  is  necessary  for  tost 
cquipoeiit  maintonanco,  Hc-ircvcr ,  a  word  should  bo  added  concerning  tho 
special  tube  chassis  in  tho  tost  bench.  This  chassis  contains  a  few 
tubes  from,  tho  accumulator  gate  ciiassis,  PjUS-llT,  essential  to  the 
coupling  of  transceiver  and  repeater  plug-in  units  when  jointly  operated  as 
desired  in  testing  from  tiiiiu  to  time  (sec  illustration  in  block  diagram 
PX-2-301).  Tho  circuits  arc  diroct  copies  of  the  similarly  named  tubes  on 
drav/ing  PX-5-117  and  no  difficulty  in  maintaining  them  will  be  encountered 
if  this  reference  is  kept  in  mind.  The  static  panel  tester  is  essentially 
a  wiring  distribution  panel  and  no  particular  problems  should  be  encountered 
in  maintaining  it.  Its  use  is  described  in  section  12,3  belov/.  The  tube 
tester  contains  no  spocial  equipment  and  can  best  be  maintained  with 
reference  to  its  wiring  drav/ing,  A  v/ord  of  caution  on  the  tube  tester , 
hovvover ,  is  that  wlien.  some  of  its  fuses  blow,  erratic  and  unusual  operation 
may  occur  so  that  before  concluding  some  important  failure  has  occurred. 
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the  fuses  should  he  checked.  The  operation  of  the  tube  tester  is  described 
in  the  detailed  instructions  onj^raved  on  its  panol. 

12.3  Use  of  Tost  Charts 

There  is  provided  a  static  and  dynoiriic  tost  chart  for  each 
plug-in  unit  as  listed  in  section  12.1  and  on  drav^ing  FX-2^123,  a  copy  of 
y/hich  is  insido  the  left  panel  door  of  the  test  table.  Also  listed  on 
FX.2-123  arc  the  names  and  v/iring  draiving  numbers  of  the  individual  plug¬ 
in  units.  Tho  description  on  the  static-dynamic  test  drav/lng  for  each 
unit  describes  in  detail  tho  instructions  necessary  for  carrying  on  tho 
tost  program  in  accordance  with  tho  chart  in  section  12.2. 

For  the  ENIAC  "gate*  panels,  those  sect lone  which  ore  not 
removable  plug-in  units,  thore  is  provided  static  and  dynamic  tost  charts 
just  as  there  are  for  tho  plug-in  units  themselves,  A  list  of  those 
charts  is  given  in  a  table  at  tho  beginning  of  each  chapter  for  tho  units 
of  tho  EMIAC  under  the  column  "Test  Charts*.  A  special  static  tester, 
PX-^109,  v/as  designed  for  use  with  those  charts.  By  reference  to 
drawing  PX-5— 109  and  tho  *lcgcnd*  and  note  above  the  panel  illustration 
on  oach  static  tost  chart,  full  information  is  found  for  tho  use  of  tho 
static  tester, 

12. 4  Use  of  Test  Eauipinont  with  EMIAC  Pronor 

Tho  variable  test  oscillator,  the  variable  power  supply,  and  tho 
test  oscilloscope  provide  convonioncos  in  testing  tho  ENIaG, 

12.4.1  Test  Oscillator 

In  tho  cycling  unit  panel  of  tho  EIIIAC  there  is  a  socket  and 
Bwitch  provided  so  that  the  tost  oscillator  may  replace  tho  crystal 
controlled  oscillator  normally  used  in  tho  EKIAC,  By  connecting  the  tost 
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oscillator •  tho  ENIAC  may  be  operated  at  faster  or  slower  speeds  providing 
meeins  of  checking  the  frequency  tolerance  in  built-in  rings •  and  perhaps  in 
localizing  certain  types  of  faulty  operation. 

12.4.3  The  Variable  Power  Supply 

By  tho  some  token,  the  variable  power  supply  may  be  connected 
into  function  table,  multiplier,  and  cycling  unit  by  the  use  of  variable 
power  supply  adaptor,  F1U4-120,  to  provide  voltage  tolorance  tests  on 
built-in  rings  in  tho  ENIAC, 

12.4.3  Tost  Oscilloscopo 

Tho  test  oscilloscope  is  especially  adaptable  for  synchronization 
from  the  central  program  pulses  (CPP)  of  tho  EiJlAC,  and  a  special  blank¬ 
ing  circuit  also  provides  for  turning  "on"  or  "off"  any  section  of  the 
sv/oep  by  control  of  tho  central  program  pulses, 

12,5  Plug-in  Unit  Tost  Voltaeos 

In  most  instances  the  plug-in  units  arc  testod  with  tho  voltages 
given  on  tho  wiring  diagrams.  Howovor,  in  soino  casos  it  was  expedient  to 
tost  at  difforont  voltagos,  Tho  tablo  below  givos  those  changes. 


Plug-in  Unit 

Wiring  Diagram 

Tost  Table 

Voltagos 

.  J 

Voltages 

Master  Progronuflor  Program 

+290 

-180 

(PX-8-103) 

+220 

-250 

+3  65 

-105 

+460 

-  10 

+300 

-170 

Master  Prograjnmor  Transmitter 

+  95 

+  20 

(PX-B-105) 

+150 

+  75 

+230 

+150 

Master  Cyder  Reader  Printer 

Starter  (PX-9-i04) 

+  200 

+150 

Master  Cydor 

-345 

0 

(PX.9_102) 

-475 

-130 

-120 

+225 

-295 

+  50 

Constant  Tronsmittor  Pulse 
Booster  (PX-11-115) 


+  110 


+105 
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PREFACE 


The  Report  on  the  EMIAC  consists  of  five  separately  bound  parts, 

as  follows; 

1,  ENIAC  Operating  Manual 

2,  ENIAC  Maintenance  Manual 

3,  part  I,  Technical  Description  of  the  ENIAC 

Volvuae  I  (Chapters  I  to  VI) 

A*  Part  I,  Technical  Description  of  the  ENIAC 
Volume  II  (Chapters  VII  to  XI) 

5.  Part  II,  Technical  Description  of  the  ENIAC 
Included  with  the  Operating  Manual  and  Parts  I  and  II  of  the  Teehnical 
Description  are  all  drawings  (seu  table  0,3  below)  which  are  required  for 
understanding  these  reports.  The  Maintenance  Manual  assumes  access  to  the 
complete  file  of  ENIAC  drawings. 

Part  I  of  the  Technical  Description  is  intended  for  those  who 
wish  to  have  a  general  understanding  of  how  the  ENIAC  vvorks,  without  con¬ 
cerning  themselves  with  the  details  of  the  circuits;  it  assumes  no  knowledge 
of  electronics  or  circuit  theory.  Part  II  is  intended  for  those  who  require 
a  detailed  understanding  of  the  circuits.  Its  organization,  to  a  great  extent, 
duplicates  that  of  Part  I  so  as  to  make  cross  referencing  between  the  two  parts 
easy. 

The  ENIAC  Operating  Manual  contains  a  complete  set  of  instructions 
for  operating  the  ENIaC,  It  includes  very  little  explanatory  material,  and 
hence  assumes  familiarity  with  Part  I  of  the  Technical  Description  of  the 
ENIAC,  The  ENIAC  Maintenance  Manual  includes  description  of  the  various  test 
units  and  procedures  for  testing,  as  well  as  a  list  of  common  and  probable 
sources  of  trouble.  It  assxmies  a  complete  understanding  of  the  circuits  of 
ENIAC,  i.e,  a  knowledge  of  both  Parts  I  and  II  of  the  Technical  Description 


of  the  ENIAC 


The  Report  on  the  ENIAC  and  the  complete  file  of  ENIAC  drawings 
constitute  a  complete  doscriptirai  and  set  of  instructions  for  operation  and 
maintenance  of  the  machine.  The  drawings  carry  a  number  of  the  form  PX-n-m, 

The  following  tables  give  the  classification  according  to  this  numbering  system 


TABLE  0.1 

Veilues  of 

n 

Division 

1 

General 

2 

Tost  Equipment 

3 

Racks  and  Panels 

U 

Trays,  Cables,  Adaptors,  and  Load  Boxes 

5 

Accumulators 

6 

High  Speed  Multiplier 

7 

Function  Table 

8 

Master  Programmer 

9 

Cycling  Unit  and  Initiating  Unit 

10 

Divider  and  Square  Rooter 

11 

Constant  Transmitter 

12 

Printer 

13 

Power  Supplies 

TABLE  0.2 

Values  of 

m 

Subject 

101-200 

201-300 

301-400 

401-500 

1ffi.rlng  Diagrams 

Mechanical  Drawings 

Report  Drawings 

Illustration  Problem  Set-Ups, 

The  reader  of  this  report  will  be  priinsirily  interested  in  the  types 
of  drawings  listed  in  the  following  paragraphs,  A  table  on  page  U  gives  the 
corresponding  drawing  number  for  each  unit  of  the  ENIAC. 

1)  Front  Panel  Drawings,  These  drawings  show  in  some  detail  the 
switches,  sockets,  etc,,  for  each  panel  of  each  unit.  They  contain  the 
essential  instructions  for  setting  up  a  problem  on  the  ENIaC, 

2)  Front  View  Drawings,  There  is  one  of  these  drawings  for  each 
kind  of  panel  used  in  the  various  units  of  the  ENIAC,  These  show  the  relative 
position  of  the  trays  and  the  location  of  the  various  neon  lights.  Since  these 
drawings  show  the  neon  lights,  th^  can  bo  used  to  check  the  proper  operation  of 
the  various  units, 

3)  Block  Diagrams,  These  drawings  illustrate  the  logical  essentials 
of  the  internal  circuits  of  each  unit.  That  is,  resistors,  condensers,  and 
some  other  electrical  details  are  not  shown;  but  con^lete  channels  (paths  of 
pulses  or  gates  representing  numbers  or  program  signals)  are  shown  in  all  their 
multiplicity.  These  drawings  will  be  of  interest  to  those  who  are  interested 
in  Parts  I  and  II  of  the  Technical  Report, 

U)  Cross-section  Diagrams,  These  drawings  are  electronically  complete 
except  that  only  one  channel  is  shown  where  there  is  more  than  one.  Thus,  these 
drawings  show  every  resistor  and  condenser  and  any  other  electronic  elements  . 
belonging  to  any  circuit.  These  drawings  will  be  of  particular  interest  to 
the  maintenance  personnel  and  to  those  reading  Part  II  of  the  technical  report, 

5)  Detail  Drawings,  All  other  drawings  of  the  ENIAC  come  under 
this  heading,  A  complete  file  of  drawings  is  available  at  the  location  of  the 
ENIAC^ 


Table  0,3 
ENKC  DRil/IMGS 


Front  Panel 


Front  Vievi  Block  Diagram  Cross  -  Section 


Initiating 

Unit 


Cycling  Unit 


Accumulator 


Multiplier 


PX-5-301 


PX-6-302 

6-302R 

6-303 

6-303R 

6-30A 

6-3O/4R 


Function  Table 


Divider  and 
Souare  Rooter 


Constant  Trans¬ 
mitter 


Printer 


M&ster  Pro 
graisaer 


PX-12-301 

I2-3OIR 

12-302 

12-302R 

12-303 

I2-303R 


PX-8-301 

8-3OIR 

8-302 

8-302R 


PX-9-305 


PX-9-302 

9-302R 


PX-5-305 


PX-6-309 


PX-7-305 


PX-ll-30 


PX-12-30 


PX-8-303 


Other  drawings  of  particular  interest; 


PX-5-3OA 


PX-6-30e 


PX-7-304 


PX-lO-304 


PX-ll-307 


PX-12-307 


PX-a-304 


PX-5-115 


PX-7-117 

7-118 


PX-12-115 


PX-8-102 


Floor  Plan 
A,C,  V/iring 
IBM  Reader  and 
plugboard 


n  PX-l-302  im  Punch  and  PX-12-112 

ng  PK-l-303  Plugboard  PX-12-305 

r  and  PX-11-119  Pulse  4.!TiDlifier  ,i-jid  PX-4-302 

PX-ll-30  5  Block  DiagrciTi  PX-4-301 

Interconnection  of  Multiplier  and  Accumulators  PX-6-3II 
Interconnection  of  Divider  and  nccumulators  PX-10^307 


The  front  view  drawings  and  the  large  front  panel  drawings  (whose 
numbers  do  not  end  with  "R")  are  bound  as  a  part  of  the  Operator’s  Manual, 
Included  with  the  report  is  a  folder  containing  all  the  drawings 


listed  in  the  above  table  except  the  largo  front  panel  (see  above), 
plete  file  of  drawings  is  available  at  the  location  of  the  ENIAC, 
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« 

*  I,  INTRODUCTION 

1.1,  BRIEF  DESCRIPTION  OF  THE  ENIAC 

1.1.1,  What  the  ENIAC  Does 

The  Electronic  Numerical  Integrator  and  Computer  (ENIAC)  is  a  high¬ 
speed  electronic  computing  machine  which  operates  on  discrete  variables*  It  is 
capable  of  performing  the  arithmetic  operations  of  addition,  subtraction,  multi¬ 
plication,  division,  and  square  rooting  on  numbers  (with  sign  indication)  e:qpressed 
in  decimal  form.  The  ENIAC,  furthermore,  remembers  numbers  which  it  reads  from 
pxinched  cards,  or  which  are  stored  on  the  switches  of  its  so  called  function 
tables,  or  which  are  formed  in  the  process  of  computation,  and  makes  them  avail¬ 
able  as  needed.  The  ENIAC  records  its  results  on  pimched  cards  from  which  tables 
can  be  automatically  printed.  Finally,  the  ENIAC  is  automatically  sequenced, 
i.e,,  once  set-up  (see  Sections  1,1,A,  and  l.A,  and  subsequent  chapters)  to 
follow  a  routine  consisting  of  operations  in  its  repertoire,  it  carries  out  the 
routine  without  further  human  .intervention.  When  instructed  in  an  appropriate 
routine  consisting  of  arithmetic  operations,  looking  up  numbers  stored  in 
function  tables,  etc,,  the  ENIAC  can  carry  out  complex  nuithematical  operations 
such  as  interpolation  and  numerical  integration  and  differentiation. 

The  speed  of  the  ENIAC  is  at  least  500  times  as  great  as  that  of  any 
other  existing  computing  machine.  The  fundamental  signals  used  in  the  ENIAC 
are  emitted  by  its  oscillator  at  the  rate  of  100,000  per  second.  The  interval 
between  successive  signals,  10  micro-seconds,  is  designated  by  the  term  pulse 
time.  The  time  unit  in  which  the  operation  time  for  various  parts  of  the  ENIAC 
is  reckoned  is  the  addition  time.  An  addition  time  is  20  pulse  times  or  200 


micro-seconds  (1/5000  th  of  a  second).  An  addition  time  is  so  named  because  it 
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is  the  time  required  to  complete  an  addition.  Other  operations  require  an 
integral  number  of  addition  times  (see  Table  1-1), 

1.1.2.  The  Units  of  the  ENIAC 

The  ENIAC  proper  consists  of  /^0  panels  arranged  in  U  shape,  3 
portable  function  tables,  a  card  reader,  and  a  card  pxinch  (see  PX-1-302).  The 
term  unit  of  the  ENIAC  is  used  to  refer  to  one  or  more  panels  and  associated 
devices  (such  as  the  portable  function  tables,  for  example)  containing  the 
equipment  for  carrying  out  certain  specific  related  operations. 

The  units  of  the  ENIAC  can  be  classified  functionally  into  U  categories* 
arithmetic,  memory,  input  and  output,  and  governing.  The  arithmetic  units  include 
20  accumulators  (for  addition  and  subtraction),  1  high-speed  multiplier,  and  1 
combination  divider  and  square  rooter.  There  ‘.re  two  primary  memory  aspects  in 
the  ENIAC:  memory  for  numbers  and  memory  for  prograrorning  instructions.  The 
constant  transmitter,  3  function  tables,  and  the  20  accumulators  provide  numerical 
memory.  The  constant  transmitter  with  its  associated  card  reader  reads  from 
punched  cards,  numbers  that  are  changed  in  the  course  of  a  computation  and  makes 
these  numbers  available  to  the  computer  as  needed.  Numbers  that  reioain  constant 
throughout  a  computation  are  stored  on  the  switches  of  the  constant  transmitter 
or  of  the  portable  function  tables  and  emitted  when  needed.  The  accumulators, 
not  only  function  arithmetically,  but  also  can  be  used  to  store  numbers  which 
are  computed  in  one  part  of  a  computation  and  required  in  other  parts.  All 
units  have  program  controls  (see  Sections  1,1,4,  and  1.3.1,)  which  contribute 
to  the  programming  memory  in  the  following  ways; 

1)  by  recognizing  the  reception  of  a  program  ir^ut  signal  which 
stimulates  the  unit  to  perform 
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2)  by  causing  the  programming  circuits  (see  Section  1,3»)  to 

operate  (as  specified  by  the  setting  of  program  switches  when 
there  are  options  regarding  the  operation  to  be  performed) 
and  3)  on  the  completion  of  the  operation,  by  emitting  a  program  output 
signal  which,  by  means  of  program  cable  connections  to  program 
lines  (see  Section  1,1«4<)  is  brought  to  other  units  to  cause 
them  to  operate.  The  program  cable  connections  and  switch  set¬ 
tings  are  established  before  the  computation  begins. 

The  kind  of  programming  described  in  points  1,  2,  and  3  above  is 
described  as  local  programming  nenory  because  it  is  taken  care  of  locally  at  each 
unit  for  that  unit.  The  master  programmer  provides  a  certain  amount  of  centralized 
programming  memory  by  coordinating  the  local  programming  of  the  other  units. 

The  input  devices  for  the  EMIAC  consist  of  the  card  reader  and  the 
constant  transmitter  mentioned  above  in  connection  with  numerical  memory.  The 
printer  and  card  punch  record  computed  results. 

The  governing  units  of  the  ENIAC  are  the  initiating  unit  and  the  cycling 
unit.  The  initiating  iinit  has  controls  for  turning  the  power  on  and  off,  starting 
a  computation,  initial  clearing,  and  other  special  functions.  The  cycling  unit 
converts  100  kc  sine  waves  emitted  by  its  oscillator  into  a  fundamental  train  of 
signals  repeated  every  addition  time  (i,e,  repeated  5000  times  per  second). 

These  signals  include  various  sequences  of  pulses  and  a  gate.  The  term  pu3^e 
is  used  to  refer  to  a  voltage  chauige  (either  positive  or  negative)  from  some 
reference  level  and  the  restoration  to  the  reference  level  which  takes  place 
in  a  short  time,  between  2  and  5  micfo-seconds.  The  torn  gate  also  refers  to  a 
voltage  change  and  the  restoration  to  the  reference  level  but  differs  from  a 
pulse  in  duration.  In  the  EJJIAC  a  gate  lasts  for  at  least  10  micro-seconds. 
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The  nomenclature  for  and  the  temporal  order  of  the  cycling  unit  pulses  and  gate 
are  shoym  on  PX-9-306, 

Table  1-1  lists  the  units  of  the  ENIAC,  their  operations,  and 
operation  times, 

1.1,3,  Representation  of  Digits  by  Pulses 

With  a  few  exceptions  digits  are  communicated  frcm  one  unit  of  the 
ENIAC  to  another  in  pulse  fom.  Digit  trays  stacked  above  the  front  panels 
ninning  from  accumulator  1  to  the  second  panel  of  the  constant  transmitter  arc 
used  for  this  transmission,  A  digit  tray  has  11  wires  and  a  ground.  Each  of 
ten  wires  carries  the  pulses  for  one  place  of  a  10  place  decimal  number.  To 
represent  the  digit  n  (where  0^n^9)  in  a  particular  decimal  place,  n  pulses  are 
transmitted  over  the  wire  associated  with  that  particular  decimal  place.  The 
11th  wire  is  used  for  the  transmission  of  sign  information.  No  pulses  are 
transmitted  for  sign  plus  and  9  pulses  for  sign  minus  {see  the  discussion  of 
ccmplcments  below).  Pulses  are  transmitted  over  all  11  conductors  simultaneously. 

Each  digit  tray  is  8  feet  long  and  runs  past  4  panels  of  the  ENIAC, 

A  12  point  terminal  at  each  end  of  a  tray  makes  it  possible  to  connect  a  number 
of  trays  serially  by  means  of  jumper  cables  so  as  to  fora  a  digit  trunk  passing 
as  many  units  of  the  ENIAC  as  desired.  Spaced  at  two  foot  intervals  on  the 
digit  trays  are  additional  12  point  terminals.  Units  which  are  to  communicate 
with  one  another  in  the  course  of  a  computation  have  their  digit  input  and/or 
output  terminals  connected  by  means  of  digit  cables  to  these  12  point  terminals 
on  a  digit  trunk.  A  resistance  load  box  is  plugged  into  an  unused  terminal  on 
cither  the  first  or  last  tray  of  a  digit  trunk.  This  makes  it  possible  to  con¬ 
nect  varying  numbers  of  units  in  parallel  into  a  digit  trunk.  At  any  given  time, 
only  one  10  digit  number  with  its  sign  may  be  transferred  over  a  particular  digit 


1-5 


trunk*  Uore  than  1  unit  may  listen  to  this  number.  Through  the  use  of  more  than 
one  digit  trunk*  several  different  numbers  may  be  transferred  simultaneously, 
(also  Section  1.1.$.). 

The  units  of  the  SKL'^C  transmit  numerical  information  by  emitting 
appropriate  numbers  of  the  9  pulses  or  of  the  1*  2*  2'  and  U  pulses  and  the  1* 
pulse  (see  PX-9-306)  which  they  receive  from  the  cycling  unit.  Addition  is 
performed  in  accumulators  by  means  of  10  decade  counters  (see  Section  1.2,2,)* 
one  counter  for  each  decimal  place  of  a  10  digit  number*  and  a  binary  counter 
for  sign  plus  (P)  or  minus  (M),  These  counters  are  advanced  one  step  by  each 
pulse  received.  The  decade  counters  and  HI  counter  of  sn  accumulator  are  so 
interconnected  that  provision  is  made  for  carry  over.  Subtraction  is  performed 
by  adding  the  negative  of  the  subtrahend  to  the  minuend. 

In  order  to  avoid  the  necessity  for  cycling  counters  backwards*  the 
negative  of  a  number  is  represented  as  a  complement  with  respect  to  a  power  of 


ten.  Let  us  consider  the  decimal  point  to  be  located  at  the  extreme  right  of 

10 

an  accumulator.  Then  the  complement  with  respect  to  10  of  the  positive  number 


stored  in  an  accumulator  as  P 


*  i:  »! . 

*1  aA  i 


10  is  formed  by  transmitting  9  pulses 


10  9  i 

for  sign  M  and  by  transmitting  the  digit  pulses  for  10  ■  ^  ,  10  , 

10  ^*0 

Similarly*  the  conqplement  with  respect  to  10  of  the  negative  number  stored 
as  11  +  bj^  ,  10^  is  formed  by  transmitting  no  pulses  for  sign  P  and  by  trans¬ 
mitting  the  digit  pulses  for  10^^  -  ti  .  10^,  For  example*  the  complement 

lO  10 

with  respect  to  10  of  PO  000  023  AO?  is  M9  999  976  593;  the  10  complement 


of  M9  30?  50A  000  is  PO  692  495  OOO,  As  will  bo  shown  in  the  chapter  dealing 

with  the  accumulator  (Chapter  IV),  the  mechanics  of  transmitting  the  digit  pulses 

10 

for  a  COTiplement  with  respect  to  10  actually  consist  of  transmitting  first  the 


1-6 


9  ,  i 

pulses  for  (9-a^)  •  10  and  then  of  transiaitting  one  more  pulse  in  the 

o 

10  decade  place.  The  terms  are  called  nines  complements. 

If  desired,  operations  may  be  performed  on  n  digits  where  n  »a10.  Here, 
we  consider  the  significant  figures  to  be  located  as  far  to  the  left  as  possible 
in  the  accumulator  with  the  decina.l  point  to  the  immediate  right  of  the  last 
significant  figure  at  the  right.  Then,  the  digits  for  e.  complement  with  respect 
to  10^  are  formed  by  emitting  nines  ccanplements  in  all  decade  places  and  then  by 
emitting  an  additional  pulse  in  the  n^^*  decade  place  from  the  left. 

Because  the  counters  in  an  accumulator  are  so  connected  that  there  is 

carry  over  not  only  from  each  decade  counter  to  the  one  on  its  left  but  also 

th  .  . 

from  the  10  decade  counter  to  the  binary  counter  for  sign,  the  usual  arithmetic 

properties  obtain  when  complements  are  used  in  addition  ajid  subtraction.  In 

this  connection,  it  should  be  noted  that  even  though,  in  the  above  discussior^ 

we  implied  that  sign  P  indicates  a  positive  number  and  sign  M  a  negative  number, 

these  signs  may  have  another  meaning.  For  exaniple,  if  an  accumulator  holds 

P9  ggg  999^  the  carry-over  to  the  PM  counter  which  results  when  a  positive 

number  not  in  excess  of  10^®  is  added  to  this  number,  causes  the  accumulator  to 

register  sign  M,  Here  the  M  indicates  that  the  sum  is  off  scale, 

1,1, 4»  ProgramTiiing  by  Moans  of  Pulses.  Switches  and  Cables 

Before  a  computation  can  be  performed  on  the  ENIiiC,  not  only  must  the 

digit  input  and  output  terminals  of  the  units  be  connected  into  digit  trunks 

for  the  communication  of  numerical  data,  but  also  the  units  must  be  set  up  so 

?s  to  recognize  when  they  are  to  operate  and  which  particular  operations  are  to 

be  performed.  Program  controls  and  program  trays  and  cables  are  used  to  instruct 

the  ENIAC  in  the  programming  requirements  for  a  particular  computation. 
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Each  unit  of  the  ENI/vC  has  one  or  more  program  controls.  These 
controls  are  either  of  the  repeat  or  non-repeat  type.  Non-repeat  program 
controls  have  on  input  terminal  for  a  program  signal  and  a  reeeiverCsee  be^ow 
and  Section  1,2,4.) •  Repeat  controls  have  both  an  input  and  an  output  teminal 
for  a  program  signal  and  a  transceiver  (see  below  and.  Section  1,2, 4>)  or  some 
logically  equivalent  device.  Each  program  control  on  a  unit  which  is  capable 
of  more  than  one  operation  or  which  is  capable  of  performing  operations  in  a 
variety  of  ways  has  a  set  of  program  switches. 

Receivers  and  transceivers  alike  have  the  following  properties; 

1)  they  have  two  stable  states  which  will  be  referred  to  as  the  normal  and 
abnormal  statesj  2)  when  a  program  input  signal  is  received,  they  are  set  into 
the  abnormal  state;  3)  they  are  so  connected  (through  the  program  switches, 
if  any)  to  the  programming  circuits  (see  Section  1,3*)  that,  in  the  abnormal 
state,  they  cause  the  programming  circuits  to  function  appropriately;  and  4) 
when  the  required  routine  has  been  completed,  they  are  reset  to  the  normal  state 
so  that  activity  in  the  unit  ceases,  ^Vhen  the  set  of  instructions  either  set  up 
on  the  program  switches  of  a  repeat  control  or  built  into  the  programming  circuits 
have  been  completed,  moreover,  the  transceiver  of  a  repeat  program  control  causes 
a  central  programing  pulse  (CPP  on  PX-9-306)  to  bo  emitted  as  a  program  output 
nulse  from  the  program  control's  output  terminal. 

The  program  trays,  like  the  digit  trays  are  8  feet  long,  contain  11 
wires  and  a  ground,  and  have  12  point  terminals  at  each  end,  so  that  as  many 
trays  as  desired  can  be  Jumper  connected  to  fonn  a  program  trunk.  As  in  the  case 
of  digit  trunks,  too,  a  resistance  load  is  plugged  into  an  unused  terminal  at 
one  end  of  a  program  trunk.  Each  of  the  11  lines  running  the  length  of  a  program 
trunk  is  referred  to  as  a  program  line.  The  program  trays  differ  from  the  digit 
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trays  only  in  that  at  two  foot  intervals  the  program  trays  have  a  set  of  11 
two  point  program  terminals  (1  wire  and  a  shield)  instead  of  a  12  point  digit 
terminal.  Input  and  output  terminals  of  program  controls  are  connected  to  the 
program  lines  by  means  of  program  cables. 

The  procedure  for  instructing  the  ENIAC  in  its  routine,  then,  consists 
of  setting  program  switches  on  the  units  so  that,  when  stimulated  by  a  program 
input  pulse,  the  program  controls  will  cause  the  units  to  carry  out  a  set  of 
specific  operations.  The  temporal  order  in  which  the  operations  are  to  follow 
one  another  is  determined  by  the  manner  in  which  program  pulse  input  and  output 
terminals  are  connected  to  program  lines,  a11  program  controls  whose  program 
pulse  input  terminals  are  connected  int'j  the  same  program  line  start  to  operate 
simultaneously  when  that  program  line  carries  a  program  signal.  If  one  of  the 
program  controls  thus  stimulated  is  a  repeat  program  control  and  if  its  program 
pulse  output  terminal  is  connected  to  a  second  program  line  all  program  controls 
whose  program  input  terminals  are  connected  to  this  second  program  line  start  to 
operate  when  the  routine  set  up  on  the  repeat  program  control  has  been  completed. 

The  schematic  diagram  of  Figure  1-1  illustrates  the  method  of  setting 
up  an  extremely  simple  computation.  Each  rectangle  within  the  square  that 
symbolizes  a  unit  of  the  ENIAC  represents  a  progreim  control  with  program  pulse 
input  terminal  and  output  terminal  and  possibly  program  switches.  The  instructions 
set  up  on  the  program  switches  of  a  program  control  are  described  inside  the  box 
representing  the  program  control, 

1,1,5.  Synchronized  System 

All  units  of  the  ENIAC  operate  in  synchronism  with  one  another,  i.e,, 
all  units  that  start  to  operate  at  the  same  time  complete  their  operations  either 
at  the  same  instant  or  at  times  that  differ  by  an  integral  number  of  addition 
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'tlnies.  The  phrase  "complete  an  operation"  covers  not  only  finishing  the  nvimeri— 
cal  processes  involved  in  the  operation  but  also  the  emission  of  a  program  output 
signal. 

The  basis  of  this  synchronization  is  the  fundamental  train  of  pulses 
and  a  gate  emitted  by  the  cycling  unit  and  delivered  to  all  xinits  of  the  ENIAC 
by  means  of  a  set  of  juniper  connected  trays  called  the  synchronizing  trunk. 

These  trays  are  physically  the  same  as  the  digit  trays.  The  central  programming 
pulse  (CPP)  emitted  by  the  cycling  unit  in  pulse  time  17  of  every  addition  time 
cycle  plays  a  major  role  in  such  synchronization  since  the  program  output  pulse 
which  a  repeat  program  control  emits  upon  the  completion  of  a  program  results 
from  allovdng  a  CPP  to  pass.  The  units  of  the  ENLiC,  moreover,  have  been  so  de¬ 
signed  that  in  order  to  complete  their  operations  they  require  the  pulses  and 
gs,te  of  either  one  addition  time  cycle  or  of  an  integral  number  of  addition  time 
cycles. 

Even  though  the  electromechanical  devices  used  with  the  ENIAC,  the 
reader  and  the  card  punch,  do  not  take  an  absolutely  definite  number  of  addition 
time  cycles  to  complete  their  operations,  these  units  have  been  integrated  into 
the  synchronized  system  since  they  have  been  provided  with  program  controls 
which  emit  a  CPP  as  a  program  output  pulse.  Units  of  the  EKIkC  can  even  operate 
in  pairallel  with  the  card  reader  since  the  reader  does  not  emit  a  program 
output  pulse  signifying  the  completion  of  reading  until  it  has  received  as  an 
interlock  pulse  a  program  output  pulse  from  some  other  unit  of  the  ENIAC  to 
indicate  that  the  sequence  carried  on  in  parallel  with  reading  has  been  completed. 

In  this  report.  Incidentally,  we  will  follow  the  convention  that  an 
addition  time  has  its  origin  3  pulse  times  after  the-  CPP  as  shown  on  PX-9-306, 

This  means  that  we  will  talk  about  a  program’ s  being  stimulated  at  the  end  of 
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addition  tlrae  1  and  being  carried  out  in  addition  time  i  1  by  means  of  the 
cycling  unit  pulses  and  gate  emitted  during  addition  time  i  1. 

Because  the  units  of  the  ENIAC  operate  in  synchronism  with  one  another 
and  because  multiple  digit  and  program  trunks  have  been  provided^  the  operator 
can  schedule  parallel  operations  when  planning  the  set-up  of  a  problem.  For 
example,  the  multiplier  can  be  operating  while  several  accumulators  are  performing 
additions  and  subtractions  and  while  the  divider  is  finding  a  quotient.  Naturally, 
the  scheduling  of  parallel  operations  requires  that  the  operator  plan  for  the  use 
of  separate  digit  trunks  for  the  various  operations  and,  in  some  cases,  requires 
that  attention  be  given  to  the  number  of  addition  times  needed  for  the  operations. 

1.2.  ELECTRONIC  ELEUENTS 

The  circuits  of  the  ENIAC  are  designed  around  a  relatively  small  number 
of  basic  electronic  elements.  The  following  discussion,  while  wholly  Inadequate 
to  convey  any  real  knowledge  of  vacuum  tubes  or  their  action,  is  Intended  to 
enable  the  reader  to  obtain  a  formal  acquaintance  with  some  of  the  phenomena  and 
terminology  coxmected  with  the  ENIAC. 

The  simplest  tube  used  is  the  triode,  so  called  because  it  has  3 
characteristic  elements,  namely  the  cathode  (surface  which  gives  off  electrons), 
the  plate  or  anode  (surface  which  receives  electrons),  and  the  grid  (which  con¬ 
trols  the  current  passing  through  the  tube).  In  addition,  there  is  a  heater  to 
bring  the  cathode  to  the  temperature  required  for  it  to  emit  electrons.  Some¬ 
times,  2  triodes  are  housed  in  one  envelope.  We  shall  refer  to  these  as  two 
tubes.  Other  tubes  used  in  the  ENIAC  are  multigrid  tubes,  for  example,  the 
pentode  which  has  3  grids. 
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To  say  that  a  tube  is  "on"  or  conducting  means  that  with  the  usual 
convention  of  sign,  current  is  floviing  from  the  plate  to  the  cathode.  This 
implies  that  the  plate  is  at  a  slightly  higher  voltage  than  the  cathode,  but 
that  this  voltage  drop  is  trifling  compared  to  the  drop  when  the  tube  is  "off" 
or  non-conducting.  Thus,  if  a  tube  is  turned  "off",  i,e,  changes  from  conducting 
to  non-conducting,  the  voltage  of  the  plate  is  raised  and  that  of  the  cathode  is 
lowered.  Hence  the  plate  emits  a  positive  signal  and  the  cathode  one  that  ia 
negative.  If  the  tube  is  turned  on  those  signs  are  reversed.  V/ithin  appropriate 
limits,  a  tube  is  conducting  if  its  grid  (or  grids)  is  (or  are)  kept  above  a 
certain  voltage,  non-conducting  if  below  that  voltage.  Thus  a  tube  is  turned  on 
by  applying  a  positive  signal  to  its  grid  (or  grids),  turned  off  by  a  negative 
signal. 

In  all  cases,  vacuum  tubes  in  the  ENIAC  circuits  are  used  only  as  on- 
off  devices  instead  of  as  an^litude  sensitive  devices,  i.e,,  the  presence  or 
absence  of  a  signal  depends  on  whether  a  tube  is  conducting  or  not-conducting 
and  not  on  any  measured  magnitude  of  current  and  voltage.  Furthermore,  the 
machine  has  been  so  designed  that  signals  are  not  constantly  being  degenerated 
but  instead  are  regenerated  frcmi  time  to  time  out  of  the  fxmdamental  train  of 
pulses  and  a  gate  emitted  by  the  cycling  unit, 

1.2.1,  Single  Tube  Elements 

1.2. 1.1,  Buffers  and  Cathode  Followers 

Buffers  and  cathode  followers  are  normally  non-conducting  tubes  with 
a  single  input  and  a  single  output.  When  a  positive  signal  is  applied  to  the 
grid  of  a  buffer,  the  output,  taken  off  the  plate  side,  is  negative.  In  the 
cathode  follower,  where  the  output  is  taken  off  the  cathode,  the  application  of 
a  positive  signal  to  the  grid  results  in  the  emission  of  a  positive  signal. 
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When  the  outputs  of  a  number  of  buffers  or  cathode  followers  are  con¬ 
nected  together  to  a  common  load  resistor,  the  resulting  circuit  provides  for 
the  logical  "or"  since  when  any  one  of  the  buffers  or  cathode  followers  receives 

a  positive  signal,  the  circu-it  enits  a  negative  or  positive  signal  respectively, 

1.2.1. 2,  Inverters 

An  inverter  is  a  tube  whose  grid  is  normally  at  a  positive  potential  so 
that  the  tube  is  conducting.  When  a  negative  signal,  applied  to  the  grid,  drives 
the  tube  to  cut  off,  the  output  tajeen  off  the  plate,  is  a  positive  signal.  A 
positive  signal  is  necessary  to  operate  a  gate  tube  as  will  be  described  in 
Section  1,2.1.3> 

1.2.1. 3i  Ga-te  tubes 

A  gate  tube  is  a  multiple  grid  tube  with  two  inputs  and  an  output  nor¬ 
mally  taken  off  the  plate,  A  gate  tube  emits  a  negative  signal  when  both  of  its 
input  grids  are  brought  from  a  negative  cut  off  voltage  to  a  positive  voltage. 
Thus,  a  gate  tube  is  used  to  note  the  coincidence  of  two  positive  signals  and 
hence  corresponds  to  the  logical  ’’and”. 

A  positive  signal  applied  to  one  grid  of  a  gate  tube  is  said  to  "open 
the  gate",  since  when  this  happens  a  positive  signal  reaching  the  other  grid 
makes  the  tube  conduct  and  hence  emit  a  signal.  The  term  "gate"  is  used  in  two 
senses:  In  one  it  means  a  gate  tube  (as  described  above)  and  in  the  other,  the 
signal,  lasting  10  ps  or  longer,  which  is  used  to  open  a  gate  tube  (see  Section 
1>1>2»} • 

1.2.2,  Multi-Tube  Elements 
1,2. 2,1,  Flip-Flops 

The  basic  electronic  memory  device  of  the  ENIAC  is  the  flip-flop,  A 
flip-flop  consists  essentially  of  a  pair  of  triodes  so  connected  that  at  any 
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given  time  only  one  of  the  pair  can  be  conducting,  Wien  a  certain  one  of  the 
tubes  is  conducting  (and  the  other  is  not),  the  flip-flop  is  said  to  be  in  the 
normal  state j  when  tho  other  tube  is  conducting  (and  the  first  is  not),  the  flip- 
flop  is  in  the  abncruinl  state,  A  flip-flop  has  two  inputs  and  two  outputs,  A 
pulse  received  on  enn  input  (the  set  input),  throws  the  flip-flop  into  the  abnormal 
state  in  which  state  it  remains  until  restored  to  the  normal  state  by  a  pulse  re¬ 
ceived  at  its  second  (or  reset)  input,  Viflien  the  flip-flop  is  in  the  normal  state, 
one  output  is  positive  and  the  other  negative.  In  the  abnormal  state,  the  polarity 
of  its  outputs  is  reversed. 

Corresponding  to  each  flip-flop  in  the  ENIAC,  there  is  a  neon  lamp.  The 
neon  lamp  is  so  connected  to  its  corresponding  flip-flop  that,  vdth  the  exception 
of  some  neons  in  the  divider  and  square  rooter,  tho  neon  is  lit  when  the  flip- 
flop  is  in  the  abnormal  state.  Drawing  PX-10-302  indicates  when  the  neons  in  the 
divider  and  square  rooter  are  lit. 

These  neons  provide  one  of  the  most  important  visual  checks  on  tho 
operation  of  the  ENIAC.  In  addition  to  the  continuous  mode  of  operation  at  the 
100  kc  rate,  the  ENIAC  has  2  special  modes  of  operation,  1  addition  time  and  1 
pulse  time  operation,  which  permit  the  operator  without  disturbing  the  flip-flop 
memory,  to  stop  the  ENIAC  at  some  point  to  examine  the  neons  and,  thus,  to 
determine  whether  or  not  the  proper  sequence  of  events  is  taking  place, 

1,2. 2. 2.  Counters 

The  counters  of  the  ENIAC,  in  general,  consist  of  a  number  of  flip- 
arranged  in  sequence  and 

flops^interconnected  so  that  the  following  characteristics  result: 

1)  At  any  ,'',ivQn  time,  only  one  flip-flop  can  be  in  the  abnormal  state 
and  all  others  must  be  in  the  normal  state. 
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2)  The  reception  of  a  pulse  at  the  input  to  the  counter  causes  the 
flip-flop  which  is  in  the  abnormal  state  to  be  reset  and  causes 
its  successor  to  be  set, 

3)  The  counter  can  be  cleared  so  that  a  specific  stage  comes  up  in 
the  abnormal  state  and  all  others  in  the  normal  state. 

Each  flip-flop  of  a  counter  is  called  a  stage  and  the  reception  of  a 
pulse  at  a  counter  is  said  to  advance  the  counter  to  the  next  stage.  All  counters 
in  the  ENIAC  are  ring  counters,  i.e.,  the  first  and  last  stages  are  so  connected 
that  if  the  counter  is  in  its  last  stage  and  a  pulse  is  received,  the  last  stage 
is  reset  and  the  first  stage  is  flipped  into  the  abnormal  state. 

In  accumulators,  a  10  stage  (decade)  ring  counter  is  used  for  each 
place  of  a  10  place  number,  Each  stage  of  a  decade  counter  corresponds  to  one 
of  the  digits  between  0  and  9  inclusive. 

The  sign  of  a  number  is  handled  by  means  of  a  m  coxmter  which  differs, 
somewhat  from  the  other  ENIAC  counters.  The  Hi  counter  has  2  tubes,  one  for  sign 
P  cind  for  sign  M,  Each  tube,  here,  is  called  a  stage.  The  two  tubes  are  so  con¬ 
nected  that  only  one  of  them  can  be  conducting  at  a  given  time.  Each  pulse 
received  cycles  the  PM  counter  1  stage.  Notice,  that  while  the  HI  counter  uses 
2  tubes  as  does  a  flip-flop,  it  differs  from  an  ordinary  flip-flop  in  that  it 
has  but  one  input.  The  HI  counter  is  also  a  ring  counter. 

Since  each  stage  of  a  counter  (other  than  the  HI  counter)  is  a  flip-, 
flop,  one  or  both  of  its  outputs  are  available  for  controlling  other  circuits, 

Ti  the  decade  counters  mentioned  above,  for  example,  one  set  of  such  outputs 
(■•j'ieh  are  refnrrod  to  as  the  static  outputs)  can  be  used  to  deliver  to  the 
T'Cirtor  ir formation  about  the  number  stored  in  a  given  accumulator.  Ring 
co’inters  are  also  used  in  the  programming  circuits  of  raost  EKIAC  units.  Here 
t;u  outputs  of  the  various  stages  are  taken  to  gates. 
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1,2.2»3«  Standard  Transmitters 

Tc  moec.  the-  power  aeeds  resulting  from  the  large  capacitance  associated 
with  the  interconnection  fiii-.cuits  (digit  trays,  program  trays,  digit  cables,  etc,) 
and  the  high  speed  with  which  pvlses  are  transmitted  in  tho  EUIAC,  and  also  to 
provide  positive  output  pulses  (since  positive  pulses  ai‘e  required  to  operate 
gate  tubes  in  the  receiving  units),  the  pulse  outputs  of  all  units  (except  the 
digit  pulse  output  of  the  high-speed  multiplier  and  the  divider  and  square  rooter) 
are  passed  through  standard  transmitters,  A  transmitter  consists  essentially  of 
an  inverter  tube  whose  output  is  fed  to  the  grids  of  2  amplifying  tubes  which  have 
their  plates  connected  in  parallel.  The  cathodes  of  the  amplifier  tubes  are  con¬ 
nected  in  parallel  to  ground  through  a  resistor  and  the  output  of  the  transmitter 
is  taken  off  between  cathode  and  ground.  As  previously  mentioned,  varying 
numbers  of  output  transmitters  can  be  connected  to  the  same  program  line  or  digit 
trunk  since  a  load  resistor  is  not  built  into  each  transmitter  but  is  instead 
plugged  into  the  trunk  line. 

The  answer  output  circuits  of  the  high-speed  multiplier  and  of  the 
divider  and  square  rooter  consist  of  inverter  tubes  with  built-in  load  resistanse. 
Therefore,  the  answer  output  terminals  on  these  units  are  connected  directly  to 
the  appropriate  digit  input  terminals  through  a  cable  without  resistance  load  or 
through  a  digit  tray  with  no  load  box  plugged  into  it.  No  other  units  may  be 
connected  in  parallel  into  such  a  digit  tray, 

1,2, 2, A.  Receivers  and  Transceivers 

Receivers  and  transceivers  are  used  in  the  ENIAC  to  note  the  reception 
of  a  program  pulse  and  to  activate  the  programming  circuits  when  a  program  pulse 
is  received.  As  mentioned  earlier,  receivers  are  found  in  non-repeat  program  con¬ 
trols  and  transceivers  in  repeat  program  controls.  In  the  divider  and  square  rooter 


1-16 


and  in  the  high  speed  multiplier,  however,  there  axe  a  few  exanples  of  receivers 
which  are  not  parts  of  program  controls.  Also,  the  reader,  printer,  and  initiating 
pulse  program  controls  are  exceptional  repeat  program  controls  in  that  they  do 
not  contain  transceivers. 

To  describe  and  illustrate  the  use  of  receivers  and  transceivers  we 
shall  refer  to  the  program  controls  of  an  accimulator  in  which  these  devices  are 
used  in  typical  fashion  (see  drawing  PX-5-304). 

The  receiver  consists  of  an  input  buffer  (66),  a  flip-flop  (64>  65), 
an  inverter  (the  left  hand  tube  numbered  62),  a  cathode  follower  (63),  a  buffer 
(62),  and  a  reset  gate  (61),  An  input  pulse  received  at  the  program  pulse  input 
terminal  associated  with  a  receiver,  passes  through  buffer  66  and  sets  the  flip- 
flop  of  the  receiver.  The  normally  positive  output  of  the  flip-flop  passes  through 
the  inverter  and  cathode  follower  and  then  through  a  pro^rm  switch  wdiich  routes 
it  to  a  set  of  gates.  Similarly,  the  normally  negative  output  of  the  flip-flop, 
through  buffer  62,  is  routed  through  program  switches  to  another  set  of  gates. 
Notice  that  before  the  reception  of  a  program  pulse,  the  outputs  of  the  receiver 
are  such  that  the  gates  remain  closed;  when  the  receiver  is  set,  its  output  signals 
open  the  gates  to  which  they  are  delivered  and  cause  the  unit  to  carry  out  the 
routine  specified  on  the  associated  program  switches.  The  CPP,  which  occurs  20 
pulse  times  after  the  program  input  pulse  which  sets  the  receiver,  passes  through 
gate  61  (held  open  by  the  normally  negative  output  of  the  flip-flop  through  buffer 
62)  and  resets  the  receiver.  Thus,  a  receiver  is  always  reset  one  addition  time 
after  it  has  been  set.  Notice  that  the  same  receiver  must  not  bo  stimulated  on 
successive  addition  times  since  one  addition  time  after  a  receiver  is  set  it 
attempts  to  reset  itself, 

A  transceiver,  like  a  receiver,  has  an  input  buffer  (69),  a  flip-flop 
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(66,  67),  an  inverter  (65),  cathode  follower  (64),  and  a  reset  gate  (68),  The 
transceiver,  however,  has  several  additional  buffers  (6I),  and  (63),  an  extra 
gate  (62)  and  inverter  (65)  and  a  standard  transmitter  (70,  71,  72),  The  trans¬ 
ceiver  elements  which  resemble  receiver  elements  function  in  presisely  the  same 
fashion.  The  resetting  of  a  transceiver,  however,  differs  from  that  of  a  re¬ 
ceiver.  Transceivers  usually  operate  in  conjunction  with  a  program  ring  counter 
or,  as  in  the  accumulator  case,  with  a  repeater  ring  counter.  In  the  illustrative 
example  being  discussed  here,  one  output  of  the  transceiver  is  taken  to  gate  K50. 
VVhen  the  transceiver  is  set,  gate  H5O  is  open  so  that  a  GPP  is  allowed  to  pass 
through  and  cycle  the  repeater  ring  (6z*-72)  each  addition  time  that  the  trans¬ 
ceiver  remains  in  the  abnormal  state.  Each  point  on  the  repeat  switch  (used  to 
specify  the  number  of  times  in  succession  that  ?n  operation  is  to  be  repeated) 
of  an  accumulator  repeat  program  control  is  connected  to  one  stage  of  this  ring. 
When  the  repeater  ring  reaches  the  stage  specified  on  the  repeat  switch,  gate  62 
receives  a  positive  signal  frati  that  stage  of  the  ring.  The  coincidence  of  a 
signal  from  the  repeater  ring  and  from  the  nomally  negative  output  of  the  flip- 
flop  causes  gate  62  to  emit  a  signal  which  is  inverted  into  a  positive  signal  by 
inverter  65,  The  output  of  tube  65,  through  the  buffers  63,  goes  on  to  stimulate 
certain  clearing  actions  in  the  accumulator,  and  delivered  to  gate  68,  allows  the 
next  GPP  to  pass  through  this  gate.  The  output  of  gate  68  not  only  resets  the 
transceiver  but  also  passes  through  the  standard  transmitter  (70,  71^  72)  to  be 
emitted  from  the  program  pulse  output  terminal  of  the  program  control.  Notice 
that  a  transceiver  remains  set  throughout  the  number  of  addition  times  required 
to  complete  the  program  specified  on  its  associated  switches,  is  reset  at  the  ond 
of  the  addition  time  in  which  the  program  is  completed  and  emits  a  program  output 
pulse  when  it  is  reset,  at  least  one  addition  time  should  intervene  between  the 
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transnisaion  of  a  program  output  pulse  and  the  next  stimulation  of  a  repeat 
program  control  in  order  to  allow  the  control's  transceiver  to  reset  itself, 

1,2, 2, 5.  Plug-ln  Units 

Viiherevor  possible  the  design  of  elements  of  the  ENIAC  has  been  stan¬ 
dardized  and  these  elements  have  been  used  repeatedly  in  various  units.  Further¬ 
more,  to  increase  the  case  of  testing  and  ref<laclng  faulty  ccxi^ponents,  many  of 
these  standardized  elements  have  been  designed  as  plug-in  units. 

The  receivers  and  transceivers  are  of  this  nature.  Each  receiver 

/ 

plug-in  unit  has  two  receivers,  h  transceiver  plug-in  unit  has  just  one  trans¬ 
ceiver,  Another  type  of  plug-in  unit  is  the  accumulator  decade  plug-ln  unit 
which  consists  of  a  decade  ring  counter,  a  pulse  standardizer  for  shaping  pulse 
input  to  the  decade,  carry  over  circuits,  output  transtdtters,  etc.  In  all, 
there  arc  a  total  of  ?0  different  types  of  plug-in  units.  These  are  enumerated  on 
PX-2-123  where  references  are  also  made  to  detailed  drawings  of  the  plug-in  units. 

1,3.  CLfi-SSIFICATION  OF  ENInC  CIRCUITS:  Numsricai  and  Prograi.iming 

The  circuits  of  most  ENIAC  units  cejo  be  conveniently  described  accord¬ 
ing  to  2  classifications,  nunorical  and  prograaxiing.  The  numerical  circuits  are 
those  which  operate  on  the  pulses  or  static  signals  which  represent  digits  or 
sign.  For  example,  in  an  accumulator  the  decade  and  PM  counters  or  in  the  printer 
the  tubes  which  are  set  up  by  the  static  outputs  of  counters  vjhose  inforra^'-tion  is 
to  be  punched  on  a  card  are  classified  as  nuj:ierical  circuits.  The  prograrming 
circuits  are  concerned  with  the  following  activities; 

1)  Recognizing  when  and  how  a  unit  is  to  function, 

2)  Stimulsting  the  numerical  circuits  to  operate  appropriately, 

3)  Emitting  a  program  output  pulse  to  signify  completion  of  a  program. 
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In  the  ease  of  certain  units  a  further  subdivision  of  the  prograjimlng  classifi¬ 
cation  into  program  controls  (see  Section  l.l./i..)  auid  common  programming  circuits 
is  desirable.  The  program  controls,  then,  are  charged  vdth  activities  1  and  3 
above  and  the  common  programming  circuits  with  activity  2, 

1,3.1»  Program  Controls 

The  accumulator,  high  speed  multiplier,  divider  and  square  rooter,  and 
function  table  have  multiple  sets  of  program  controls.  These  program  controls 
Include  not  only  a  receiver  or  transceiver,  program  pulse  input  teiminal  and 
possibly  program  pulse  output  terminal  but  also  program  switches  for  describing 
the  procedure  to  be  followed  when  the  program  control  is  stimulated.  In  each  of 
these  units,  any  one  of  the  program  controls,  when  stimulated  by  the  reception  of 
a  program  input  pulse,  can  activate  the  common  prograiranlng  circuits.  The  buffers 
and  cathode  followers  in  the  receivers  and  transceivers  of  these  program  controls 
serve  to  isolate  one  program  control  from  the  others.  In  the  constant  transmitter, 
which  has  a  total  of  30  program  controls  each  consisting  of  a  transceiver,  program 
pulse  input  and  output  terminals,  and  a  program  switch,  each  group  of  six  program 
controls  operates  a  set  of  programming  circuits  in  common.  In  the  remaining  ENIAC 
units  the  program  controls  and  programming  circuits  are  closely  integrated  with 
one  another. 

If  a  unit  has  more  than  one  program  control,  in  general,  only  one 
control  should  be  operating  at  any  given  time  so  that  inconsistent  demands  are 
not  made  on  the  common  progranising  circuits  or  the  numerical  circuits  of  the  unit, 
1,3«2,  Common  Progranming  Circuits 

In  the  previous  section  it  was  pointed  out  that  the  stimulation  of  a 
program  control  of  a  unit  results  in  activating  the  unit’s  common  programming 
circuits.  It  should  be  pointed  out  that  in  a  few  cases  the  common  programming 
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circuits  of  a  unit  can  be  entered  without  going  through  a  progran  control. 

For  example,  several  accumulators  are  used  in  conjunction  with  the  high  speed 
multiplier.  These  accumulators  receive  components  of  the  product  as  they  are 
emitted  from  the  multiplier.  Ordinarily,  to  stimulate  reception  of  a  number, 
a  program  input  pulse  must  be  delivered  to  an  accumulator  program  control  having 
its  program  switch  set  to  a  receive  setting.  Then,  the  cmtput  of  the  receiver 
or  transceiver  of  the  progran  control  activates  the  programming  circuits  so  that 
reception  takes  place.  The  multiplier,  however,  has  been  designed  so  that  it 
contains  receivers  which  arc  set  when  the  associated  product  accumulators  should 
receive  components  of  the  product.  These  receivers  in  the  multiplier  are  directly 
connected  to  the  common  programming  circuits  of  the  associated  accumulators  so  ^ 
that  reception  is  stimulated  when  the  multiplier's  receivers  are  set  even  though 
no  program  controls  on  the  acciimulators  are  stimulated.  Several  ouch  examples 
of  direct  entry  into  the  common  programming  circuits  of  accumulators  are  to  be 
found  in  the  chapters  dealing  with  the  high  speed  multipier  and  the  divider  and 
square  rooter, 

1.4.  PROGRA.maNG  THE  ENIAC 

In  this  portion  of  the  Technical  Manual  for  the  ENIAC,  Part  I,  much 
emphasis  will  be  given  to  the  planning  of  computations  to  be  performed, 

1«4»1*  Preparatory  Formulation  of  the  Problem 

Starting  with  the  mathematicoi  equations  which  describe  a  problem, 
such  as  the  totsi  or  partial  differential  equations  for  example,  the  operator 
must  first  break  the  equations  down  into  a  form  involving  the  arithmetic  operations 
of  which  the  ENIAC  is  capable.  Another  necessary  preliminary  step  consists  of 
planning  for  the  storage  of  numerical  data.  The  initial  conditions  and  other 
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oonstants  basic  to  the  computation  will  be  given  to  the  ENIAC  by  means  of  punched 
cards  and  the  setting  of  switches  on  the  constant  transmitted.  Arbitrary  functions 
and  other  constants  can  be  stored  in  the  function  tables.  Numbers  formed  in  the 
course  of  a  computation  and  required  in  subsequent  parts  of  a  computation  can  be 
stored  in  accumulators.  Should  the  qusjitity  of  numbers  to  be  stored  for  further 
computation  exceed  the  accumulator  storage  capacity,  such  numbers  can  be  punched 
on  cards  by  the  printer  unit  and  later  can  be  inserted  into  the  ENIAC  again  by 
means  of  the  card  reader  and  constant  transmitter, 

1,4.2,  Planning  the  Programs  and  Program  Sequences 

For  each  arithmetic  operation  in  the  computation,  one  or  more  of  the 
ENIAC 's  program  controls  will  have  to  be  set-up  by  the  connection  of  program 
cables  and  possibly  the  setting  of  program  switches.  For  exanple,  if  the  numbers 
a  and  b  are  each  stored  in  an  accumulator  and  if  a+b  is  to  be  formed  in  the 
accumulator  containing  b,  then  the  accumulator  which  stores  a,must  be  instructed 
to  transmit  and  the  one  storing  b»must  be  instructed  to  receive  the  transmitted 
number. 

The  instructions  given  to  a  single  program  control  are  referred  to  as 
a  program.  It  is  possible  for  a  number  of  programs  to  be  carried  out  in  different 
units  simultaneously.  In  general,  however,  only  one  program  at  a  time  can  be 
performed  in  a  given  unit. 

A  unit  carries  out  the  program  set  up  on  one  of  its  program  controls 
when  a  pulse  is  delivered  to  the  program  control' s  program  pulse  input  terminal, 
i.e,,  when  the  program  control  is  stimulated.  If  a  number  of  programs  are  to  be 
performed  in  parallel,  all  of  the  program  controls  involved  must  be  stinulated 
either  by  a  pulse  carried  on  the  same  program  line  or  by  pulses  from  different 
progrtim  lines  which  are  activated  at  tho  same  time. 
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The  operator  ties  individual  programs  together  into  a  program  sequence 
in  which  one  collection  of  programs  is  automatically  stimulated  upon  the  comple¬ 
tion  of  another  collection  of  programs  by  delivering  the  program  output  pulse  of 
the  program  control  used  for  a  program  of  the  first  collection  to  a  given  program 
line  and  by  picking  up  the  stimulating  pulse  for  all  programs  of  the  seccaid 
collection  from  that  same  program  line  (see  Section  1*1,4.) 

1,4.3.  Programning  on  Higher  Levels 

Certain  program  sequences  of  a  confutation  may  have  to  be  iterated  a 
number  of  times.  The  iteration  of  a  program  sequence  into  a  program  chedn  is 
accomplished  through  the  use  of  the  master  programmer.  This  unit  can  also  link 
together  a  number  of  chains  or  chains  and  sequences  into  a  new  program  sequence 
which  itself  is  to  be  iterated  into  a  chain,  etc. 

The  master  programmer  has  a  number  of  program  controls  each  of  which 
has  a  single  input  for  program  pulses  and  multiple  program  pulse  output  terminals. 
Each  time  a  program  input  pulse  is  received,  a  pulse  is  emitted  frexn  one  of  the 
output  terminals.  The  circuits  of  each  control  cause  a  pulse  to  be  emitted  from 
a  given  tewainal  a  certain  number  of  times  viriiich  may  be  specified  by  the  setting 
of  a  switch  or  in  some  other  way  and  then  to  be  emitted  from  another  output  ter¬ 
minal,  Thus,  the  iteration  of  a  program  sequence  into  a  chain  can  be  accomplished 
0 

by  delivering  the  final  program  pulse  of  the  sequence  to  a  master  programmer 
control  and  by  picking  up  the  initial  pulse  for  the  sequence  from,  the  program 
line  to  which  the  appropriate  master  programmer  output  terminal  is  connected. 
Another  sequence  or  chain  is  linked  to  the  first  chain  by  picking  up  its  initial 
pulse  fr^  the  program  line  to  which  a  second  output  terminal  of  the  master 
programmer  is  connected,  etc. 
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1,4»4*  Special  Linking  of  Pr^Rrgja  Sequences  by  Magnitude  Discriiaination 

Not  only  can  programs  be  linked  together  sequentially  as  described 
above  in  Sections  1,4.2,  and  1,4»3  but,  in  addition,  the  ENIAC  can  be  instructed 
to  choose  one  of  several  program  sequences  depending  on  the  magnitude  of  some 
number.  This  type  of  progranming  is  referred  to  as  magnitude  discrimination. 

In  one  form  of  magnitude  discrimination,  two  numbers,  a  and  b,  are 
compared.  If  a.^b,  one  program  sequence  is  followed  and  in  the  opposite  case, 
a  second  program  sequence  is  stimulated.  It  is  also  possible  to  carry  out  more 
extensive  magnitude  discrimination  programs  in  which  the  choice  of  program  de¬ 
pends  on  a  particular  digit  in  some  decimal  place  of  a  number. 

Magnitude  discrimination  is  accomplished,  by  means  of  an  accumulator 
and  the  master  prograimier.  In  such  programs  which  will  be  discussed  in  greater 
detail  in  chapters  IV  and  X,  sign  or  digit  pulses  are  used  to  stimulate  program 
controls, 

1,5.  EQUIPMENT  ASSOCIATED  TNITH  THE  ENIAC 

In  addition  to  the  40  panels,  the  portable  function  tables,  the  card 
reader  and  card  punch  which  constitute  the  ENIAC  proper,  the  ENIAC  has  certain 
associated  ventilating,  power,  and  testing  equipment, 

1.5.1,  Ventilating  Equipment 

The  ENIAC* 5  18,000  vacuum  tubes  generate  a  considerable  amount  of  heat. 
An  elaborate  system  of  fans  and  blowers  is  used  to  drive  off  this  heat.  Each  . 
panel,,  moreover,  has  a  thermostat  which  prevents  the  temperature  inside  the 
panel  from  exceeding  115°F  by  turning  off  the  power  to  the  ENIAC  if  this  limit 
is  exceeded.  The  ventilating  system  uses  240  V,  three  phase  xjnrcgulated  power. 
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1.5.2,  Power  Equipment 

In  addition  to  the  a-c  power  for  the  hea.ters  of  its  tubes  and  for  the 
oeurd  reader  and  card  punch,  the  ENIAC  requires  78  different  d-c  voltages.  These 
requirements  are  met  in  the  following  way: 

Two  hundred  forty  volt,  three  phase,  regulated  a-c  is  taken  to  power 
and  auto-transformers  which  convert  it  into  110  V,  3  phase  a-c.  This  power  is 
carried  on  3  buses  in  a  power  trough  located  along  the  front  and  bottom  of  the 
ENIAC  panels.  From  this  trough,  the  heaters  and  also  the  outlets  below  constant 
transmitter  panel  3  and  printer  panel  2  are  supplied  with  a-c  power  as  long  as  the 
ENIAC s  a-c  power  is  turned  on.  The  outlets  below  the  other  ENIAC  panels  are 
always  alive. 

The  240  V,  3  phase,  regxilated  a-c  is  also  taken  to  gas  rectifier  tubes 
in  the  ENIAC s  29  power  supplies.  The  filaments  of  these  tubes  use  240  V,  3 
phase,  4-c,  Through  the  use  of  bleeders  the  78  d-c  voltages  are  obtained.  These 
voltages  are  carried  to  the  ENIAC  units  by  means  of  the  d-c  cables  in  the  power 
trough  mentioned  above. 

The  power  equipment  is  housed  in  7  panels  apart  from  the  ENIAC  and 
electrolytic  condensers  for  filtering  the  d-c  from  the  rectifier  circuits  are 
located  in  three  condenser  cabinets. 

Only  the  control  circuits  for  the  power  supplies  are  discussed  at 
any  length  in  this  report  (see  Chapter  II),  The  ENIkC  MAINTENANCE  MANUAL  c^ln  be 
consulted  for  further  details, 

1.5.3.  Special  Test  Equipment 

A  nisnber  of  special  testing  devices  are  usod  with  the  ENIAC.  These 
include  a  tube  tester,  a  hi-pot  test  unit,  a  static  tester,  and  a  test  table 
with  its  own  power  supplies,  synchronizing  unit,  variable  oscillator,  and 
oscilloscope. 


1-25 


The  test  table  and  its  associated  equipment  are  used  to  examine  the 
20  different  types  of  plug-in  units.  The  synchronizing  unit,  variable  oscillator, 
and  a  device  for  varying  d-c  voltages  make  it  possible  to  reproduce  the  operating 
conditions  found  in  the  EKIAC  or  to  generate  certain  test  conditions.  The  equip¬ 
ment  associated  with  the  test  table  is  portable  so  that  it  can  also  be  used  for 
testing  the  ENIAC  proper. 

The  static  tester  is  essentially  an  adaptor  which  plugs  into  the  d-c 
cables  so  as  to  make  possible  measurements  of  the  voltages  on  tube  pins.  The 
hi-pot  test  unit  is  used  to  detect  insulation  faults  in  cables.  The  standard 
tube  tests  can  be  made  on  the  types  of  tubes  used  in  the  EWIAC  by  means  of  the 
tube  tester. 

In  addition  to  the  abwe  special  testing  devices,  the  standard  electri¬ 
cal  measuring  instruments  are  used  for  the  ENIAC,  Certain  meters  have  also  been 
built  into  the  initiating  unit  (see  Chapter  II)  and  the  cycling  unit  includes  an 
oscilloscope  for  rather  rough  examination  of  the  fundamental  train  of  signals. 
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II,  initiating  unit 

The  initiating  unit  of  the  ENIaC  ia  the  device  which  contains  controls 
for  turning  the  power  on  and  off,  for  initiating  a  computation;  for  initial 
clearing,  and  for  selective  clearing  a  group  of  accumulators,  as  well  as  program 
controls  for  the  reader  and  printer.  Certain  devices  for  testing  the  ENKC  are 
also  located  on  the  initiating  unit. 

The  following  topics  are  discussed  in  this  chapter:  Section  2,1, 
starting  and  stopping  the  ENIaC  power  and  initial  clearing;  Section  2,2,  reader 
and  printer  program  controls  on  the  initiating  unit;  Section  2,3>  initiating  a 
computation;  Section  2,4*  selective  clear  program  controls;  and  Section  2,5* 
testing  features.  The  following  drawings  are  referred  to  in  this  section; 


Initiating  Unit  -  Front  View 

PX-9-305 

Initiating  Unit  -  Front  Panel 

Pa-9-302 

Cycling  Unit  and  Initiating  Unit 

Block  Diagram 

PX-9-307 

Power  System  Block  Diagram 

PX-1-303 

Power  Distribution  Rack 

PX-1-304 

2.1,  STARTING,  STOPPING  ATTO  INITi;,L  CLEiJlING 

Nearly  all  the  cha.racteristic  functions  of  the  ENIAC  depend  on  d-c 
power.  This,  however,  is  derived  from  240  volt,  3  phase,  a-c.  The  latter  has 
some  immediate  uses  in  addition  to  furnishing  the  d-c.  There  are  in  all  five 
principal  uses  for  the  a-c  power.  These  are  as  follows; 

1)  for  the  heaters  of  the  numerous  tubes  of  the  ENIAC  units, 

2)  for  the  heaters  of  the  rectifier  tubes  in  the  ENIAC  s  power 
supplies  which  convert  a-c  into  the  different  d-c  voltages. 
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3)  for  the  plates  of  the  rectifier  tubes. 

4)  for  the  fans  which  dispel  the  great  amount  of  heat  generated 
by  the  preceding 

5)  for  the  control  circud-ts  needed  in  starting  and  stopping  the 
ENIAC  power,  in  furnishing  protection  to  various  circuits,  and 
in  initial  clearing* 

The  first  four  items  referred  to  above  are  identified  by  the  corres¬ 
ponding  numbers  on  PX-1-303.  The  last  item  is  noted  there  as  control  circuits 
and  is  more  explicitly  dealt  with  on  PX-9-307.  The  control  circuits  govern  the 
connection  of  the  other  items  to  the  a*K;  lines,  cause  d-c  to  be  supplied  to  the 
units  of  the  ENIAC,  and  control  the  initial  clearing  of  these  units. 

Program  controls  for  these  circuits  are  found  on  the  initiating  unit. 
Other  auxiliary  program  controls  and  elements  of  the  control  circuits  are  found 
on  the  power  distribution  rack,  the  condenser  cabinets,  and  the  units  of  the 
ENIAC  themselves.  In  this  section  we  shall  discuss  the  events  involved  in 
starting  and  stopping  the  ENIAC  (Section  2,1,1,)  and  in  initial  clearing  (Section 
2.1.2.) 

2,1,1,  Starting  and  Stopping  the  ENIAC 

In  this  discussion  it  is  assumed  that  the  main  a-c  safety  switch  is 
closed*  By  a  "safety  switch"  is  meant  one  whose  opening  not  merely  cuts  off 
power,  but  actually  opens  all  lines  of  the  circuit  controlled  by  the  switch, 

Vfc  also  assme  here  that  the  2  safety  switches  for  the  ENIAC  heaters  and  those 
for  the  fans  and  for  the  heaters  and  plates  of  the  power  supplies  arc  all  on. 

With  the  last  2  switches  off,  only  the  a-c  circuits  can  operate;  with  any  of 
the  others  off,  neither  a-c  nor  d-c  can, 

I'lfhen  the  start  button  on  the  initiating  unit  (see  PX-9“302)  is 
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depressed,  the  amber  pilot  light  goes  on  immediately  and  the  following  sequence 
of  events  takes  place;  the  ENIAC  heaters  and  the  power  supply  heaters  are 
connected  to  the  a-c  and  the  ventilating  system  is  turned  on.  One  minute  later, 
after  the  heaters  have  had  an  opportunity  to  warm  up,  the  plates  of  the  power 
supply  tubes  are  connected  to  the  a-c.  Simultaneously,  initial  clearing,  which 
lasts  for  10  seconds,  begins.  After  the  ENIAC  has  been  initially  cleared,  the 
green  pilot  light  on  the  initiating  unit  goes  on  and  the  ENIAC  is  ready  to 
operate , 

The  heaters  clock  on  the  front  of  the  initiating  unit,  which  keeps 
count  of  the  number  of  hours  that  the  power  supply  heaters  are  on,  starts  to 
record  as  soon  as  the  start  button  is  pushed.  On  each  of  the  remaining  39  panels 
of  the  ENIAC,  there  is  also  a  heaters  clock  and  an  on-off  switch  for  the  heaters. 
When  the  a-c  is  turned  on,  the  heaters  in  a  panel  go  on  only  if  the  switch  for 
that  panel  is  in  the  "on"  position.  The  associated  heaters  clock  records  the 
number  of  hours  that  the  heaters  of  the  panel  are  turned  on. 

Before  a  more  detailed  discussion  of  the  starting  sequence  is  given, 
the  elements  involved  in  various  phases  of  starting  will  be  pointed  out  on  the 
schematic  diagram  of  the  a-c  control  circuits  shown  on  FX-9-307,  The  elements 
enclosed  within  the  heavy  lines  are  not  in  the  initiating  unit ,  The  28  under¬ 
voltage  release  relays  and  their  14  associated  pick-up  relays  (designated  by  M) 
are  located  in  the  condenser  cabinets.  In  the  Moore  School  installation  the 
power  supply  heater  fuse  relays  and  the  d-c  fuse  relays  are  in  a  cabinet  beside 
the  d-c  fuse  cabinet  and  relays  A,  B,  and,K  are  located  in  the  machinery  laboratory. 
The  remaining  items,  except  for  the  door  switches  and  thermostats  which  are  in 
the  ENIAC  panels,  are  on  the  power  distribution  rack  in  the  ENIAC  room  (seo 
PX-l-3r;4), 
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Relays  A  and  B  connect  the  heaters  of  the  ENIAC  units  to  the  3  phase 
a-»c  power.  Relay  D  is  the  power  supply  heaters  contactor,  F,  an  adjustable 
timer  which  has  been  set  for  1  minute,  provides  for  the  delay  between  the  turning 
on  of  the  power  supply  heaters  and  plates.  When  timer  F  has  counted  the  specified 
period  of  time,  relay  G  is  activated.  This  relay  connects  the  plates  of  the 
power  supplies  to  the  a-c  so  that  the  d-c  is  turned  on  when  relay  G  is  activated. 
Timer  J  which  has  been  set  for  10'  seconds  and  relay  H,  the  main  initial  clear 
relay,  are  activated  after  the  d-c  is  turned  on.  Relays  3  and  4>  auxiliary 
initial  clear  relays,  are  each  responsible  for  the  emission  of  one  of  the 
signals  involved  in  initial  clearing  (see  Section  2,1,2.),  Ten  seconds  after 
timer  J  starts  to  count,  relay  K  is  activated  end  the  initial  clear  period  is 
terminated,  thus  bringing  the  starting  sequence  to  an  end. 

It  can  be  seen  on  PX-9-307  that  in  addition  to  the  start  and  stop 
buttons  on  the  initiating  unit  which  operate  both  the  a-c  and  d-c  circuits, 
separate  d-c  start  and  stop  buttons  have  been  provided.  Through  the  use  of  the 
d-c  stop  button,  only  the  d-c  circuits  (controlled  by  relay  G),  can  be  turned  off, 
leaving  the  a-c  circuits  unaffected,  V/ith  the  a-c  power  on,  pushing  the  d-c  start 
button  connects  in  the  d-c  circuits  and  causes  initial  clearing  to  take  place. 
Isolation  of  the  d-c  from  the  a-c  circuits  has  been  provided  in  order  to  make 
possible  leaving  the  heaters  turned  on  even  when  the  ENIAC  is  not  to  be  operated 
or  when  there  is  a  failure  (see  the  discussion  of  protective  circuits  below)  in 
the  d-c  circuits.  This  has  been  done  because  it  is  hoped  that,  by  cutting  down 
the  number  of  times  that  the  heaters  are  turned  on  and  off,  tube  life  will  be 
lengthened. 


It  is  to  be  noted  that  the  operation  selector  switch  on  the  cycling 
unit  must  be  set  at  continuous  when  the  power  is  turned  on.  In  Section  2.1.2, 
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«here  initial  clearing  is  discussed,  it  is  pointed  out  that  when  the  power  is 
first  turned  on,  a  number  of  flip-flops  may  come  up  in  the  abnomal  state  and 
it  is  also  rtjmarked  that  the  resetting  of  these  often  depends  on  the  pulses 
and  gates  emitted  by  the  cycling  unit.  These  pulses  are  not  given  out  imnediatoly 
unless  the  ENIAC  is  in  continuous  operation.  The  danger  of  having  these  flip- 
flops  remain  in  the  abnormal  state  is  that,  as  a  result,  a  ntanber  of  tubes  that 
should  be  off  most  of  the  time  and  on  only  a  short  period  of  time  (i.e,  tubes 
in  circuits  that  have  been  designed  for  a  low  duty  cycle)  remain  on  for  a  long 
time  and  thus  cause  damage  to  themselves  and  other  elements. 

Certain  protective  devices  included  in  the  control  circuits  are  also 
shown  on  PX-9-3C)7.  Of  these  the  most  important  are  relays  C,  Q,  N,  and  L.  The 
action  of  these  will  be  discussed  in  the  following  paragraphs.  Their  distinguish¬ 
ing  characteristics  are  as  follows;  under  proper  operating  conditions  C  and  N 
are  on;  L  and  Q  are  off,  C  may  be  turned  off  by  a  thermostat  or  a  door  switch. 
Since  it  is  believed  undesirable  to  turn  off  the  heaters  unless  it  is  absolutely 
necessary,  C  acts  through  a  timer  P  which  may  be  set  between  5  and  15  minutes. 
Vi/hen  this  time  has  elapsed  and  the  trouble  has  not  been  remedied;  both  a-c  and 
d-c  circuits  arc  turned  off.  The  other  three  relays  act  without  any  delay  but 
affect  only  the  d-c.  Relay  Q  is  turned  on  by  the  blowing  of  any  heater  fuse. 

This  cuts  off  the  d-c  power  supply  including  its  heaters.  Relay  N  is  turned 
off  by  phase  in  the  plate  supply  or  under-voltage  in  the  output  of  a  d-c  power 
supply.  The  effect  is  to  turn  on  L,  This  is  also  accomplished  by  the  d-c  stop 
button  or  the  failure  of  a  d-c  fuse.  When  L  is  turned  on  or  when  there  is  any 
p!?ase  failure  in  the  heaters,  the  plate  supply  to  the  rectifiers  is  cut  off,  but 
^^he  heaters  are  .‘'■eft  on.  The  distinction  between  N  .and  L  is  that  there  is  a 
provision  for  inhibiting  the  action  of  N  during  starting.  These  actions  will 
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now  be  discussed  In  more  detail. 

Relay  C  is  a  master  relay  which  controls  both  a-c  and  d-c  circuits. 

This  relay,  which  is  activated  when  the  a-c  safety  switch  is  closed,  operates 

in  conjunction  with  the  door  switches  (see  below),  thermostats,  and  timer  P, 

Found  at  the  back  of  each  ENIAC  panel  and  at  the  front  of  the  power  supply  and 

condenser  cabinets,  is  a  door  switch.  When  the  cover  of  a  panel  or  cabinet  is 

removed,  the  door  switch  on  the  panel  opens,  causing  relay  C  to  be  deactivated. 

If,  however,  the  door  switch  shunt  button  on  the  initiating  unit  (see  PX-9-302) 

is  held  down  while  the  cover  is  off,  relay  C  is  not  deactivated.  Relay  C  is 

also  deactivated  when  a  thermostat  opens  as  a  result  of  the  overheating  of  a 

unit,  Vftien  relay  C  is  not  activated  contact  closes  and  timer  p  which  is  set 

for  5  minutes  starts  to  operate.  First  its  clutch  (CL)  is  thrown  in,  and  next 

the  motor  (M)  is  connected  into  the  circuit  through  contact  CL^^.  A  warning  lamp 

above  the  power  distribution  rack  (see  PX-1-304)  also  lights.  Necessary  repairs 

can  be  made  on  the  machine  during  this  5  minute  period,  (which  may  be  adjusted 

to  as  much  as  15  minutes  if  more  repair  time  is  required).  If,  at  the  end  of 

5  (or  15)  minutes,  the  condition  which  caused  relay  C  to  be  deactivated  has 

not  been  corrected,  then  contact  P^  opens  and  relay  A  is  deactivated.  This 

turns  off  both  the  a-c  and  d-c  circuits.  The  start  button  on  the  initiating 

unit  is  used  to  turn  the  power  on  again  after  the  fault  has  been  corrected. 

The  door  switches  have  been  provided  as  a  safety  measure  for  both 

personnel  and  the  machine  since  the  opening  of  a  panel  exposes  dangerous  voltages 

•stilt  the  present  time,  there  is  a  permanent  shunt  for  the  door  switches  so  that 
removing  a  cover  does  not  cause  relay  C  to  be  deactivated.  The  description  in 
■the  te-!rt  above  epplies  to  the  intended  method  of  operation  of  the  door  switches. 

both  the  esmber  and  green  pilot  lights  are  off,  the  start  button  on  the 
Iri-iriatint"  unit  must  be  used.  If  only  the  green  pilot  light  is  off,  the  power 
uay  be  tiurned  on  through  the  use  of  the  d-c  start  button. 
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(as  much  as  I5OO  volts  in  the  case  of  the  d-c)  and  also,  by  drawing  air  from 
the  ventilating  system  to  the  open  panel,  may  cause  another  unit  to  overheat* 

Relay  Q  protects  the  d-c  circuits  and  the  power  supplies.  When  Q 
is  activated,  contact  opens  so  that  relay  D  is  da-energized.  This  turns  off 
the  power  supply  heaters  and  causes  contact  to  open.  With  contact  open, 

F  is  dc-«»rgizedso  that  contact  opens  and  relay  G,  the  d-c  contactor  is 
deactivated.  Relay  Q  is  activated  when  a  contact  on  one  of  the  power  supply 
heater  fuse  relays  closes.  This  latter  event  takes  place  if  a  pdwer  supply 
heater  fuse  blows.  If  the  d-c  is  turned  off  because  Q  has  been  activated,  the 
d-c  start  button  on  the  power  distribution  rack  must  be  used  to  turn  the  power 
on  again. 

The  remaining  protective  devices  shown  on  PX-9-307i  relays  L  and  N 
with  their  associated  devices,  control  only  the  d-c  circuits,  leaving  all  heaters 
turned  on  in  case  of  a  failure.  If  one  of  these  circuits  detects  a  failure  and 
turns  the  machine  off,  the  power  can  be  turned  on  again  through  the  use  of  the 
d-c  start  button.  The  main  and  power  supply  heater  phase  failure  relays  connected 
in  series  with  timer  F  detect  faults  in  the  three  phase  which  goes  to  the  heaters 
of  the  EKIAC  and  of  the  power  supplies.  These  phase  failure  relays  are  activated 
so  that  the  contacts  shown  on  PX-9-307  are  closed  under  proper  operating  conditions. 
In  the  event  of  a  phase  failure,  F  is  de-amr^zed  so  that  contact  opens  and 
relay  G  drops  out.  As  soon  as  the  fault  is  repaired,  timer  F  is  again  activated 
and,  one  minute  later,  contact  closes. 

Relay  L  is  the  d-c  cut-off  relay,  VJhen  this  relay  is  activated, 
contact  opens  so  that  relay  G  is  de**  energized.  This  results  in  cutting  off 
the  d-c  power.  With  the  a-c  on  (so  that  contact  A^'is  closed),  relay  L  can  be 
picked  up  through  the  closing  of  the  d-c  stop  button,  the  activation  of  the  d-c 
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fuse  relays  when  a  d-c  fuse  blows,  or  the  non*«activation  of  relay  N  (see  the 
discussion  of  relay  N  in  the  next  paragraph) , 

Relay  N  operates  in  conjunction  with  the  power  supply  phase  failxjre 
relays  and  the  under-voltage  release  relays.  The  power  supply  phase  failure 
relays  in  this  circuit  detect  faults  in  the  three  phase  a-c  which  goes  to  the 
plates  of  the  power  supply  tubes.  These  relays  are  activated  and  their  contacts 
closed  under  proper  operating  conditions.  There  is  an  under-voltage  release 
relay  for  each  power  supply.  During  the  starting  sequence  while  initial  clearing 
takes  place,  relays  M  are  activated.  These  relays  provide  the  high  voltage  re¬ 
quired  to  pick  up  the  under-voltage  release  relays.  After  the  starting  sequence 
is  completed,  the  xinder-voltage  release  relays  remain  activated  and  their  contacts 
are  closed  unless  the  voltage  canitted  by  a  d-c  power  supply  drops  below  a  speci¬ 
fied  level.  During  the  initial  clear  period  while  the  under-voltage  release 
relays  are  being  picked  up,  contact  of  relay  K  provides  a  circuit  which  shunts 
the  under-voltage  release  relays  cind  the  power  supplies  phase  failure  relays. 

Thus,  relay  N  is  activated  and  contact  is  open  at  all  times  unless  a  fault 
is  selected. 

The  starting  sequence  which  takes  place  when  the  start  button  in  the 

initiating  unit  is  pushed  is  described  chronologically  in  Table  2-1.  In  some 

cases,  a  contact  is  classified  as  both  a  pick  up  and  hold  contact  for  a  circuit, 

since  the  contact  must  close  for  the  circuit  to  operate  and  since  the  circuit 

continues  to  operate  only  so  long  as  the  contact  remains  closed.  In  other  cases, 

the  pick  up  and  holding  functions  are  performed  by  seporato  contacts, 

Vfhen  the  stop  button  on  the  initiating  unit  is  pushed,  the  ENIAC  is 

*Timer  J  should  not  be  set  for  less  than  10  seconds  since  this  delay  is  required 
when  turning  the  d-c  on  to  permit  the  under-voltage  release  relays  to  pick  up 
before  the  sh\mt  across  them  is  removed. 
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TABLE  2-1 

CHRONOLOGICAL  DESCRIPTION  OF  STARTING  SEQUENCE 

Activated  Relay  or 
Circuit  Element 

Pick  Up  Contact 
(contact  irtiose  closing 
causes  circuit  to  operate) 

Hold  contacts 
(Contacts  which  must  re¬ 
main  closed  for  circuit 
to  continue  to  operate 

A-auxiliary  start  relay  | 

Start  switch  -  closed  when 
start  button  is  pushed 

Stop  switch  -  normally 
closed 

P-  -  closed  unless  timer  P 
has  been  activated  for 

5  minutes, 

B,  -  closes  immediately 
^  after  A  is  activated. 

B-main  start  relay  and 
ENIAC  heaters  contact¬ 
or,  1 

E-fans  contactor 

^3 

D-power  suppl y  heaters 
contactor 

E]_ 

Qn  -  closed  unless  Q  is 
activated,* 

Amber  start  pilot  and 
power  supply  heaters, 
clock. 

F-onc  minute  timer 

Dl 

Uain  and  power  supply 
heaters  phase  failure 
relays  -  closed  unless  a 
fault  is  detected. 

G 

Fj^  -  closes  after  F  has 
counted  out  1  minute 

^1 

Lt  -  closed  unless  L  is 
activated ,* 

H-Uain  initial  clear  :■ 
relay 

J-10  sec.  timer 

It-under  voltage  release 
pick-up  relays 

% 

-  closed  until  K  is 
activated. 

K-relay  which  termin¬ 
ates  initial  clear 
period. 

-  closes  after  timer 
has  counted  10 
seconds. 

Initial  clear  switch  -  , 
remains  closed  unless  I.C. 
button  is  pushed. 

Green  ready  pilot 

*3 

*See  discussion  of  protective  devices  included  in  Section  2,1.1. 
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corapletely  turned  off.  Relay  A,  then  B,  E,  D,  G,  H,  and  K  are  cle-energized. 

When  only  the  a-c  circuits  are  on,  and  the  d-c  start  button  is  pushed, 
the  following  events  take  place:  Relay  L  is  deactivated,  and  through  ccnta.ct 
(closed  pr-ivided  that  the  a-c  is  on  and  there  is  no  phase  failure  in  the  power 
for  the  ENI/vC  and  power  supply  heaters)  and  (closed  when  L  is  deactivated), 
relay  G  is  picked  up.  This  turns  the  d-c  on  and  then  initial  clearing  follows 
as  indicated  on  Table  2-1, 

VJhan  the  d-c  stop  button  is  pushed,  relay  L  is  activated.  Since 
contact  then  opens,  relay  G  drops  out  and  the  d-c  is  disconnected.  Contact 
Gj^  also  opens,  causing  relay  K  to  drop  out. 

With  regard  to  the  matter  of  interrupting  a  computation,  it  might  be 
pointed  out  that  it  is  not  necessaiy  to  push  the  stop  button  on  the  initiating 
unit  or  the  d-c  stop  button  for  this  purpose.  Even  though  the  power  is  turned  on, 
a  computation  can  be  stopped  in  a  number  of  different  ways.  If  a  program  cable 
which  delivers  a  program  output  pulse  to  a  program  tray  is  removed,  the  computa¬ 
tion  in  progress  ceases  with  the  program  whose  program  output  pulse  is  eliminated 
in  this  way.  If  the  card  reader  exhausts  the  cards  in  its  magazine  (see  Section 
8,3,)  the  computation  is  terminated  with  the  program  just  before  the  one  in 
which  reading  would  take  place,  A  computation  ceases,  similarly,  when  the  cards 
in  the  magazine  of  the  card  punch  are  exhausted  (see  Section  9«1.). 

2.1.2,  Initial  Clearing 

When  the  ENIAC  is  turned  on,  it  is  a  matter  of  chance  as  to  which 
flip-flops  in  the  various  counters,  both  numerical  and  program  ring,  or  which 
program  flip-flops  (in  receivers,  transceivers  and  common  programming  circuits) 
will  come  up  in  the  abnormal  state.  It  is  obvious  that  a  computation  must  start 
with  the  numerical  and  program  rings  in  the  clear  position  and  with  program 
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flip-flops  in  the  normal  state  in  order  that  the  correct  answer  may  be  obtained. 
Furthermore,  if  a  flip-flop  in  a  transceiver  or  a  program  control  flip-flop  such 
as  the  printer  start  flip-flop  (see  Section  9.1.)  comes  up  in  the  abnormal  state, 
not  only  is  the  associated  program  commenced,  but  also,  upon  the  completion  of 
the  program,  an  output  pulse  is  transmitted  which,  in  turn,  may  stimulate  another 
program  control,  etc.  Thus,  it  is  also  necessary  before  starting  a  computation 
to  break  program  chains  or  sequences  which  are  accidentally  begun  whai  the  ENIAC 
is  turned  on.  Furthermore,  it  is  convenient  to  be  able  to  stop  a  computation  at 
a  certain  point  (without  turning  the  ENIAC  power  off),  erase  at T  data  stored  in 
accumulators  and  the  master  programmer,  and  then  start  afresh. 

The  initial  clear  circuits  in  the  ENIAC  provide  for  the  contingencies 
mentioned  above.  The  initial  clear  circuits  consist  of  the  initial  clear  push 
button  on  the  initiating  unit,  relays  H  and  K  which  were  referred  to  in  Section 
2,1,1,  and  initial  clear  relays  3  and  U  (see  PX-9-307),  When  the  ENIAC* s  power 
is  turned  on,  initial  clearing  takes  place  automatically  immediately  after  the 
d-c  goes  on  (see  Section  2,1,1,),  The  initial  clear  push  button  is  pushed  when, 
with  the  power  already  on,  it  is  desired  to  clear  the  accumulators  and  the 
master  prograjaner.  It  is  to  be  noted,  that  the  operation  selector  switch  on 
the  cycling  unit  must  be  set  at  continuous  for  initial  clearing  to  take  place. 
Relay  H  is  the  main  initial  clear  relay.  When  activated,  this  relay  causes 
initial  clearing  to  take  place.  Relay  K  terminates  the  initial  clear  period. 
Initial  clear  relay  4  is  responsible  for  emitting  the  initial  clear  gate  (ICG) 
which,  in  general,  clears  the  counters  used  for  either  n\anerical  or  programming 
purposes.  Initial  clear  relay  3  causes  the  master  programmer  clear  gate  (MFC) 
to  be  emitted.  The  MFC  is  used  tn  master  prograjianer  to  break  program  sequences 
(see  the  discussion  in  the  latter  part  of  this  section,) 
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IVhen  the  start  button  on  the  initiating  unit  or  the  d-c  start  button 
is  pushed^  relay  K  is  not  activated  so  tliat  relay  H  and  the  ten  second  timer  J 

are  picked  up  through  contacts  G  and  K  .  At  the  end  of  10  seconds,  contact  J 

on  the  timer  closes.  Through  J^,  relay  K  is  picked  up.  From  then  on,  relay  K 
holds  through  contact  and  the  initial  clear  switch  which  is  normally  closed. 
When  the  power  has  been  on  and  the  initial  clear  button  is  pushed, 

relay  K  is  de-eneigized  so  that  closes.  Since  remains  closed  as  long  as 

the  d-c  is  on,  relay  H  and  timer  J  are  then  picked  up  through  G^^  and  K^, 


Contact  3-1  then  closes  and  the  MFC  is  emitted.  As  a  result  of  the  activation 
of  relay  3,  contact  3-3,  which  is  nomally  closed,  opens.  Now  with  3-3  closed, 
there  is  a  circuit  which  allows  a  small  aiaount  of  current  to  flow  through  the 
coil  of  relay  4  l>ut  not  enough  to  pick  this  relay  up,  and  very  little  passes 
through  the  large  resistor  to  the  condenser.  While  3-3  is  open,  however,  the 
condenser  is  charged. 

Ten  seconds  after  relay  H  is  activated,  K  is  activated.  Contact 
opens  and  H  is,  thus,  deactivated.  This  causes  contact  to  open  and  relay 
3  to  drop  out.  At  this  time,  contact  3-3  closes.  This  allows  the  condenser  to 
discharge  through  the  coil  of  relay  4,  In  this  way,  relay  4  is  activated  and 
contact  4-1  is  closed.  With  contact  4-1  closed,  the  initial  clear  gate  is 
emitted.  Initial  clear  relay  4  is  restored  to  the  normal  state  with  contact  4ii,*l 
again  open  in  about  1/2  a  second  when  the  condenser  has  discharged. 

As  can  be  seen  from  the  discussion  above,  the  10  second,  period  (when 
the  green  light  is  off  and  when  timer  J  is  operating)  designated  by  the  phrase 
initial  clear  period,  is  actually  devoted  to  the  master  programmer  clear  signal. 
The  initial  clear  gate  cones  on  after  the  MFC  goes  off  and  lasts  for  about  1/2 
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table  3.9 

_  JBinAL  CLBARim  OF  QIIAO  WITS 

--  . 1 

mriT 

not 

IIAUK^R  OF  IHiriAL  CLEARIW  OR  RESEniW 

Aooumulator 

Fllp.flopa  In  raoelTiVa  and 
tranaoalaara. 

So  provleica  for  direot  reset  of  receivers  or  transceivers.  However.  If  a 
F.F.  oones  up  In  the  abnonul  state,  tha  pre^am  set  up  on  the  asioelstad 
switches  la  carried  out  and.  In  a  manimUB  o#  0  add.  times,  the  F.F.  la 

Fshst. 

Daeoda  fll]W'flepe 

Honially  negative  output  of  decade  F.F.  gates  HP  throuj^  gate  IB  so  that 
a  deeede  P.F.  In  abnoraial  state  Is  reset. 

Kepentar  rlne 

CPF  gated  through  RBO  by  ICB  resets  'repeater  ring. 

Daoada  oountara  and  FU  counter 

ecu  gated  throu^  UA4  by  100  olears  counters.  j 

Uultlpller 

Pllp-flopa  In  '^anacalvera 

Reset  In  mazlaua  of  1«  add.  times  (see  Aocusnilator ) .  ‘ 

Prolan  ring 

If  program  ring  is ’not  In  stage  1.  CPF  Is  gated  through  J'44.  100  holds  | 

0*44  open  so  that  output  of  J'44  la  passed  to  prog.  ring.  Thus  the  ring 
la  oycled  to  etsge  1.  ’Hhaxi  prog,  ring  is  In  stage  1,  J*44  is  closed  so 
that  no  other  CFP  are  admitted  to  cycle  the  ring.  J 

Saaet  fllp-flopa 

normally  negative  output  of  a  reset  F.F.  nhieb  comes  up  in  ahnotnal  state  j 
opens  040  or  L’90  so  that  a  CiT  Is  passed  to  reset  the  P.F.  i 

L  and  R  race Ivors 

ICO  gates  CPP  through  E'47  to  reset  these 

recelvera.  i 

) 

1 

RaJtS.  D<i.De,  and  ananer  dla- 
posal  raoaivara 

Reset  by  CPP. 

'  DlTldw  and 

AT  PRESEIT.  ICO  catea  a  CPP  threueh  RSO.  Tha  out  nut  of  iSSO  Elves  rise  to  CL  and  CL*  nulaes  so  that  clear  Ina 

!  Sq^uara  . 

l0  acootiplishad  as  followsi 

i 

Rooter 

Flip-flops  In  transoe Ivors 

Ho  irovlelon  for  direot  reset,  elnce  the  reset  signal  fam^ transceivers  in  i 
the  divider  ecmes  from  the  clear  F.F.  and  the  present  method  of  inlt.  cl. 
does  not  ensure  that  the  deer  P.F.  irlll  be  set  during  Inlt.  ol.  Since  a 
divider  progrsa  may  last  longer  than  Inlt.  cl,  finishing  a  program  cannot 
be  depended  on  for  resetting  proton  oontrols  In  this  unit.  ’ 

Pi'Or^au  ring 

Cleared  to  stage  A  by  CL'  sl^al« 

Pulse  souraa  flln-flop 

Reset  by  CL*. 

D'y,  -i-la  luid  -1  recelvars 

Reset  by  OL'. 

' 

Profpran  ring  flip-flop 

Reset  by  CL,  ~  ' 

Butoerator  Binary  Ring 

Cleared  to  st&go  ?  by  CL* 

1 

Boncmlnatcr  flip-flop 

Reset  by  CL. 

j 

Aiis\7er  Plaoe  Ring 

Cleared  to  stage  1  by  GL^ 

i 

Clear  flip-flop 

Reset  by  CL* 

. 

biter  look  flip-flop 

Reset  by  CL*  ^ted  throu^  H40  by  ICO. 

1 

Intarloek  eolnoldance  flip-flop 

nor  RE^LT  by  the  present  cethod. 

1 

®AC»  N't*  ®o»  ®AC*  *lot  +*• 

-S  answer  disposal  and  argument 
aoounulator  race Ivors, 

Reset  by  CPF. 

• 

( 

...  ..i 

By.  Ca'  ®S 

Reset  by  OP  ssiitted  after  pulse  source  Qip-flop  Is  reset. 

It  la  pleimed  to  modify  the  design  cif  tlie  divider  In  such  a  way  that  the  Interlock  colnoldence  FaF*  will 
be  eliminated  and  also  so  that  the  tronsoelTera  will  be  reset  during  the  inlt.  ol«  periods 

Function 

nip-flops  In  transceivers 

Reset  In  a  iiiaxlxiiiSA  of  13  adde  tiues  (see  Accuiiitilativ) • 

:  Table 

Argument  fllibflop  and  Vuld.  and 
Sub.  flip-flops 

Reset  ^  0??  gated  tfirougli  OM  by  ICO. 

' 

Program  ring 

Cleared  to  stage  —3  by  CP?  gated  through  B4B  held  open  by  1CG« 

1 

units  and  tans  argnsient  eciiatars 

Cleared  by  CIT  gated  through  A48  by  ICO. 

1  Conatant 

1  Tranamittar 

Fllp-flopa  in  transceivers 

Reset  In  1  add.  time  (see  Acounulutor). 

1 

:  Reader 

Start  flip-flop 

Reset  by  CPF  gated  through  d3  by  ICO. 

Under  the  jresent  method  of 
initial  clearing,  a  card  may  . 
be  fed  to  the  reader  or  punch 
in  the  period  between  the  turi^  , 
Ing  on  of  the  povnr  and  .  tin 

1 

i 

{  inter look  flip-flop 

Finish  fllp..riop 

1  Synelirmlaing  flip-flop 

Reset  by  CP?  gated  through  7l  by  ICO, 

>'  Printer 

1  Start  flljwflop 

■sset  by  CPP  gated  through  7l  by  ICO. 

1 

I 

1  Finish  P.F.  Is  set  hF  CPF  gated  throu^i  71  by  ICO.  Than  <tE8  gated  through 
flS  sets  aynehronlslng  P.F.  Hamally  negative  output  of  synolironixlng  F.F. 
gates  CPF  through  0B  so  thati  Finishing  and  Synohronltlng  flip-flops  are 

1  reset  by  the  output  of  gate  GC. 

resetting  of  the  start  flij^flop, 

Vs.  1 

Uaatar 

1  UPC  holda  stepper  output  gates  eloaed  so  that  oastar  profT’anner  cannot  salt 

a  progruD  output  pulse. 

PrognuiEier 

Stopper  input  fllpi^flops 

Roset  by  CFP  gated  through  69  If  F.F.  Is  In  abnormal  atate. 

Stepper  Counters 

Cleared  to  stage  1  by  CPI'  gated  through  by  ICO* 

i 

• 

Hester  prognuaner  deeade  countera 

Cloarad  to  stage  0  by  CFP  gated  through  B44  by  ICO. 
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a  second»  Both  the  MFC  and  ICG  are  carried  to  the  other  units  of  the  ENIAC 
in  the  d-c  voltage  cable. 

At  the  time  of  writing  of  this  report,  the  MFC  is  taken  only  to  the 
master  programer' s  stepper  output  gates  (see  Section  10,3,1,),  The  MFC,  a 
negative  signal  closes  down  these  gates  so  that  no  pj?ogram  output  pulse  can  be 
emitted  by  the  master  programmer  while  the  MFC  is  on.  Although  a  program 
sequence  may  be  initiated  because  the  flip-flop  of  some  transceiver  comes  up 
in  the  abnormal  state,  it  is  irt^ossible  for  a  program  sequence  lasting  10  seconds 
(of  continuous  operation)  not  to  go,  at  some  time  in  that  period,  to  the  master 
programmer.  Since  the  master  programmer,  however,  cannot  transmit  a  program  output 
pulse  while  the  MFC  is  on,  program  sequences  which  have  started  accldent?.lly  are 
broken  here. 

The  way  in  which  the  initial  clear  gate  is  used  in  the  units  of  the 
ENIAC  to  prepare  them  for  computation  is  shown  on  Table  2-2,  The  reader  will 
probably  find  it  convenient  to  refer  to  this  table  in  connection  with  Chapters 
IV-X,  The  circuit  elements  referred  to  in  Table  2-2  can  be  identified  on  the 
block  diagrams  for  the  various  units ,  The  reader  will  notice  that  in  many  cases 
clearing  depends  on  the  carry  clear  gate  and  the  centrc.l  programming  pulse  emitted 
by  the  cycling  unit.  It  is  for  this  reason,  that  the  cycling  unit  must  be  in 
continuous  operation  for  initial  clearing  to  be  accomplished. 

On  Table  2-2,  two  difficulties  inherent  in  the  present  method  of 
initially  clearing  the  divider  and  square  rooter  are  noted.  Oie  of  these  diffi¬ 
culties,  that  the  flip-flops  in  the  transceivers  may  not  be  reset  by  the  end  of 
the  initial  clearing  period,  arises  from  the  fact  that  in  the  divider  emd  square 
rooter,  as  in  the  other  units  of  the  ENIAC,  no  special  provision  has  been  made 
for  directly  resetting  the  transceivers.  In  other  units  of  the  ENIAC,  this  causes 
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no  difficulty.  For,  suppose  that  a  transceiver  in  the  high-speed  multiplier 
comes  up  in  the  abnormal  state  when  the  power  is  turned  on.  The  multiplior  then 
proceeds,  during  the  time  that  the  MFC  is  on,  to  carry  out  the  program  set-up 
on  the  switches  associated  with  that  transceiver.  In  a  lOfAximum  of  14  addition 
tines  the  program  is  completed  and  the  transceiver  is  reset. 

In  the  divider  and  square  rooter,  however,  there  is  no  upper  limit 
on  the  length  of  time  required  for  a  division  program  (division  by  zero,  for 
example,  requires  an  infinite  length  of  time).  Therefore,  if  a  division  program 
is  started  because  a  transceiver  cones  up  in  the  abnormal  state  -when  the  ENIAC 
is  turned  on  or  because  an  £.ccidentally  begun  program  sequence  stimulates  it, 
there  is  no  certainty  that  the  program  will  be  completed  and  the  transceiver  be 
reset  by  the  end  of  the  initial  clear  period. 

Plans  have  been  made  to  revise  this  initial  cle^j-ing  difficulty  by 
causing  the  clear  flip-flop  in  the  divider  and  square  rooter  to  be  set  during  the 
initial  clear  period.  Since  the  clear  flip-flop  in  the  abnormal  state  causes 
the  CL  and  CL*  signals  to  be  emitted,  any  flip-flops  now  reset  by  CL  and  CL* 
will  also  be  reset  by  the  modified  method  of  initial  clearing.  The  CL  signal 
also  resets  the  clear  flip-flop.  The  nornjilly  negative  output  of  the  clear 
flip-flop  provides  a  reset  signal  for  the  divider  and  square  rooter* s  transceivers. 

Until  the  initial  clearing  process  for  the  divider  and  square  rooter 
is  modified,  the  operator  can  circumvent  this  first  difficulty  by  setting  the 
operation  switches  on  this  unit  at  square  root  instead  of  divide  and  the  inter¬ 
lock  switches  at  NI  (no  interlock).  Since  the  max3.mum  time  for  a  square  rooting 
program  is  4OO  addition  times  (less  than  a  tenth  of  a  second),  an  accidentally 
begun  square  rooting  program  is  certain  to  be  completed  by  the  end  of  the  initial 
clear  period.  The  reason  for  setting  the  interlock  switches  on  the  program 
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controls  at  NI  is  that,  even  though  a  program  were  completed,  a  program  output 
pulse  would  not  be  emitted  and  the  transceivers  would  not  be  reset  unless  the 
interlock  flip-flop  also  came  up  in  the  abnormal  state  or  unless  some  program 
sequence,  accidentally  started,  provided  for  an  interlock  pulse. 

The  second  difficulty,  that  no  provision  has  been  made  for  resetting 
the  interlock  coincidence  flip-flop,  is  also  to  bo  remedied.  Plans  have  been 
made  for  making  a  small  modification  in  the  divider  and  square  rooter*  s  common 
prograiaciing  circuits  which  will  eliminate  the  need  for  this  flip-flop.  Until 
this  modification  is  made,  the  operator  must  pay  partictilsr  attention  to  the 
interlock  coincidence  flip-flop  neon  (see  PX-10-302)  before  starting  a  computation. 
When  the  interlock  coincidence  flip-flop  is  in  the  normal  state,  this  neon  is 
off.  If  this  flip-flop  comes  \ip  in  the  abnormal  state  at  the  end  of  initial 
clearing,  initial  clearing  should  be  repeated  until  thds  flip-flop  does  cone 
up  in  the  normal  state, 

2.2,  READIH  AND  PRINTER  PRDGRAJ/I  CONTROLS  ON  THE  INITIATING  UNIT 
2,2,1,  Reader  Program  Controls 

Certain  reader  program  controls  are  found  on  the  initiating  unit 
(see  PX-9-302  and  9-307),  These  include  the  reader  start  flip-flop  and  program 
pulse  input  terminaJ.  (Ri),  the  reader  interlock  flip-flop  and  interlock  pulse 
input  terminal  (Rl),  the  reader  finish  flip-flop,  the  reader  synchronizing  flip- 
flop  and  program  pulse  output  terminal  (Ro),  and  associated  gates,  buffers,  and 
inverters.  The  reader  start  button  is  also  on  the  initiating  unit. 

The  reader  start  flip-flop  is  flipped  into  the  abnormal  state  either 
when  Ri  is  pulsed  or  when,  at  the  beginning  of  a  computation  (see  Section  2,3.), 
the  reader  start  button  is  pushed.  When  the  start  flip-flop  is  in  the  abnormal 
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state,  a  start  relay  in  the  constant  transnitter  is  activated  so  that  the  reader 
is  stimulated  to  read  a  card  and  cause  information  read  from  the  card  to  be 
stored  in  the  constant  transmitter,  A  little  less  than  half  way  through  the 
card  reading  cycle  (see  Chapter  VIII),  a  reset  signal  frorii  the  reader  resets 
the  start  flip-flop,  so  that,  even  though  reading  is  net  yet  completed,  the 
start  flip-flop  is  capable  of  again  being  flipped  into  the  abnormal  state  (by 
the  reception  of  a  pulse  at  Ri)  to  remember  that  reading  is  to  take  place  again» 

When  reading  is  completed,  the  reader  emits  a  finish  signal  which 
causes  the  reader  finish  flip-flop  to  be  flipped  into  the  abnomal  state.  The 
Interlock  flip-flop  is  flipped  into  the  abnormal  state  when  an  interlock  pulse 
arrives  at  Rl  or,  at  the  start  of  a  cos-iputation,  when  the  reader  is  stimulated 
to  read  by  the  reader  start  button.  The  reader  interlock  flip-flop  makes  it 
possible  to  carry  on  a  sequence  of  programs  in  parallel  with  reading  and  then 
to  stimulate  the  next  program  sequence  when  both  reading  and  the  parallel  se¬ 
quence  have  been  completed  since  no  program  output  pulse  is  emitted  from  terudnal 
Ro  unless  the  interlock  flip-flop  is  flipped  into  the  abnormal  state  (see  below). 
If  a  computation  does  not  call  for  a  sequence  in  parallel  with  reading,  the 
operator  can  provide  an  interlock  pulse  by  sending  the  pulse  which  goes  to  Ri 
also  to  Rl, 

The  coincidence  of  signals  from  the  interlock  and  finish  flip-flops 
causes  gate  69  to  emit  a  signal.  The  output  of  gate  69  gates  a  CPP  through 
gate  62  which  then  sets  the  reader  synchronizing  flip-flop.  The  CPP  gated  • 
through  68  by  the  normally  negative  output  of  the  synchronizing  flip-flop  gates 
a  CPP  through  68  and,  thus,  provides  a  reader  program  output  pulse  which  is 
emitted  from  terminal  Ro*  The  reason  that  the  synchronizing  flip-flop  and  gate 
68  are  used  after  gate  62  is  to  ensure  a  program  output  pulse  of  the  proper 
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shape  and  in  synchronisra  with  other  program  pulses. 

Neons  correlated  with  the  flip-flops  mentioned  above  are  shown  on 
PX-9-305,  Program  controls  for  the  reader  in  addition  to  those  on  the  initiating 
unit  are  discussed  iii  Chapter  VIII, 

2.2,2.  Printer  Program  Controls 

The  printer  program  controls  on  the  initiating  unit  include  the  printer 
start  flip-flop  and  program  pulse  input  terminal,  the  printer  finish  flip-flop, 
the  printer  synchronizing  flip-flop  and  program  pulse  output  terminal,  and  asso¬ 
ciated  gates,  buffers,  and  inverters.  Noons  correlated  with  the  flip-flops 
appear  on  PX-9-305. 

A  program  input  pulse  received  at  Pi  flips  the  printer  start  flip- 
flop  into  the  abnomtvl  state.  This  causes  a  start  relay  in  the  punch  to  be 
activated  so  that  the  tubes  in  the  printer  are  set  up  for  the  data  to  be  printed 
and  so  that  a  card  punching  cycle  is  initiated  (see  Chapter  IX),  About  1/4 
way  thrcjugh  the  card  punching  cycle,  the  ounch  emits  a  finish  signal  which  re¬ 
sets  the  start  flip-flop  and  sets  the  printer  finish  flip-flop.  The  output  of 
the  finish  flip-flop  in  the  abnormal  state  gates  a  CPP  through  gate  66,  The 
output  of  66  sets  the  printer  synchronizing  flip-flop  whose  output  gates  a  CPP 
through  gate  69.  The  output  of  gate  69  is  transmitted  from  PO  as  a  program 
output  pulse. 

The  printer  program  controls  are  discussed  in  greater  detail  in 

Chapter  IX. 

2.3.  INITIATING  PULSE  FOR  A  CQ^IPUTATIOK;  Reader  Start  Button  and  Initiating 
Pulse  Button, 

Once  the  starting  sequence  is  completed  (amber  and  green  pilot  lights 
are  on),  the  EIIIAC  is  ready  to  begin  computing.  To  stimiilate  the  computation  to 
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begin,  however,  a  program  pulse  must  be  delivered  to  the  input  terminals  of  the 
program  controls  on  which  are  set  up  the  programs  that  begin  in  the  first  addition 
time  of  the  computation*  Two  alternative  methods  exist  for  stimulating  the  be¬ 
ginning  of  a  computation. 

If  the  first  event  of  a  computation  consists  of  the  reading  of  a  card, 
the  computation  can  be  stai-tod  by  pushing  the  reader  start  button  on  the  initiating 
unit  (see  Section  2.2,1.).  liVlien  reading  is  completed,  then,  a  program  output 
pulse  is  emitted  from  terminal  Ho,  This  pulse  can  be  used  to  stimulate  the 
programs  of  the  computation  which  immediately  follow  reading.  As  was  noted  in 
Section  2.2,1,  pushing  the  reader  start  button  also  results  in  setting  the  reader 
interlock  flip-flop  so  that  no  interlock  pulse  need  be  [jrovided  for  a  reading 
initiated  by  the  reader  start  button. 

The  terminal  narked  R  on  PX-9-302  parallels  the  reader  start  switch 

8 

and  is  used  for  remote  control  (see  Section  2,2.1.), 

The  second  procedure  for  initiating  a  computation  is  to  connect  the 
terminal  narked  lo  (see  PX-9-302)  to  the  some  program  line  as  the  input  terminals 
of  the  program  controls  used  for  the  first  progreuns  of  the  computation.  VJhen  the 
initiating  pulse  button  is  pushed,  the  initiating  pulse  input  flip-flop  (see 
PX-9-307)  is  set.  Its  output  allows  a  CPP  to  pass  through  gate  66  and  set  the 
synchronizing  flip-flop.  The  output  of  the  synchronizing  flip-flop  gates  a  CPP 
through  gate  69  "which  resets  the  input  and  synchronizing  flip-flops  and  causes 
a  program  pulse  to  be  emitted  from  terminal  Ig,  Neons  correlated  with  the  flip- 
flops  mentioned  above  are  shown  on  PX-9-305. 

The  initiating  pulse  button  has  a  second  important  use  in  connection 
with  testing  the  MIAC,  One  of  the  chief  techniques  fi^r  localizing  errors  in 
e-^ther  the  machine  or  the  set-up  of  the  machine  is  to  operate  the  ENIAC  in  the 
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one  addition  tijEie  node  or  in  the  one  pulse  tine  node.  Here,  the  pulses  for  one 
addition  tine  or  1  pulse  time  at  a  tine  respectively  are  given  out  in  sequence 
every  tine  the  1  pulse  -  1  addition  tine  button  on  the  cycling  unit  is  pushed 
(see  Chapter  III),  In  this  way,  there  is  an  opportunity  to  observe  the  numerical 
and  progranming  neons.  Frequently,  it  is  more  convenient  to  proceed  through  a 
portion  of  the  conputation  with  the  EMIAC  ooerating  in  its  normal  or  continuous 
mode  and  then  to  switch  to  1  addition  time  or  1  pulse  time  operation  than  it  is 
to  progress  through  the  entire  computation  non-continuously.  This  may  be 
arranged  by  disconnecting  the  program  cable  which  delivers  the  pulse  used  to 
initiate  the  programs  which  are  to  be  examined  non-continuously,  V/e  call  this 
point  where  the  program  cable  is  removed  a  break  point,  Mhen  the  initiating 
pulse  button  is  pushed,  the  computation  begins  and  progresses  to  the  break  point. 
V^ith  the  necessary  switch  made  in  the  cycling  unit  (see  Chapter  III),  computation 
in  the  non-continuous  mode  can  be  stimulated  by  delivering  the  initiating  pulse 
from  terminal  I^  to  the  program  line  from  which  the  program  cable  was  removed. 

The  reader  will  notice  that  after  the  initiating  pulse  button  is  pushed,  two 
addition  timo  cycles,  one  in  which  a  CPP  passes  through  gate  66  and  one  in 
which  a  CPP  passes  through  gate  69,  are  required  before  the  initiating  pulse  is 
delivered. 

The  emission  of  the  initiating  pulse  may  also  be  stimulated  by  remote 
control.  The  terminal  raarked  I^  on  PX-9-302  is  used  to  parallel  the  initiating 
pulse  switch  with  a.  switcii  whicli  may  be  carried  anywhere  around  the  ENIAC  room 
and  which  is  connected  to  1^  via  a  program  line  which  has  no  load  box, 

-'ALdc  see  the  discussion  of  the  portable  control  box  in  Section  11,6. 
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2, A.  SELECTIVE  CLEAR  CONTROLS 

There  arc  6  selective  clear  program  controls  on  the  initiating  unit* 
Each  control  consists  of  a  transceiver  with  a  program  pulse  input  (Ci)  and  out¬ 
put  (Co)  terminal  on  the  front  panel.  The  six  selective  clear  transceiver  out¬ 
puts  are  connected  in  parallel  to  a  line  of  the  synchronizing  trunk.  When  a 
selective  clear  transceiver  is  stimulated,  its  flip-flop  omits  a  signal  called 
the  selective  clear  gate  (SCO),  One  addition  time  later,  the  transceiver  is 
reset  by  a  CPP  and  a  program  output  pulse  is  emitted*  Neons  associated  with  the 
selective  clear  program  controls  are  shown  on  PX-9-3a5* 

The  selective  clear  gate  is  delivered  by  the  synchronizing  trunk  to 
the  20  accumulators.  When  the  SCO  is  given  out,  any  accumulator  whose  selective 
clear  switch  is  set  at  SC  clears  in  accordance  with  the  setting  of  its  significant 
figures  switch  (see  Section  A.2.3*),  Notice  that  selective  clearing  lasts  but 
one  addition  time  and  clears  only  the  decade  and  FM  counters  of  accumulators* 

The  selective  clear  feature  provides  a  convenient  means  of  clearihg  the  group 
of  accumulators  which  store  data  for  the  printer  (see  Chapter  IX)  after  printing 
takes  place  (see  the  illustrative  problem  discussed  in  Sections  8,7  and  9«5»)« 

2*5.  DEVICES  FOR  TESTING  THE  ENIAC 

Located  on  the  initiating  unit  (see  PX-9-302)  are  the  following 
devices  for  testing  the  ENIAC:  d— c  voltage  meter  and  associated  voltage  selector 
switches,  d-c  voltage  hum  oscilloscope,  and  a-c  voltage  meter  and  voltage  se- 
l-jctor  .switch. 

The  d-c  voltage  meter  together  with  the  two  d— c  voltage  selector 
switches  provide  a  means  of  examining  any  of  the  ENIAC* s  78  d-c  voltages*  The 
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d-c  voltage  chart  below  the  selector  switches  indicates  which  voltage  is 
measured  as  a  result  of  the  combination  of  settings  on  the  switches. 

The  a-c  voltage  meter  and  switch  are  used  to  measure  the  three 
phases  of  one  of  the  two  bus  systems  supplying  110  volt  a-c  to  the  filament 
transformers  of  the  various  units.  Further  details  concerning  the  use  of  the 
testing  devices  mentioned  above  as  well  as  others  not  located  at  the  initiating 
unit  are  to  be  found  in  the  ENIAC  MAINTENANCE  MANUAL. 


Terminal  Pcf.  O.n^  Pulse  Time  OA'.'Cne  f^DPlTe^  Time  Push  Button, 

In  Terminals  pen  PflRAL,L.£!,!N5  OpfRfl"ior{  Selector  Switch. 

(E^I-E)fTTr,-\>,:.  GeCiLLC  Sf  COr.  (N  TERHINftL. 
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III  CYCLING  UNIT 

The  cycling  unit  of  the  ENIAC  is  the  device  whiah  provides  pulses 
and  a  gate  for  the  other  units  to  operate  on  and  which,  thus,  keeps  the  units 
operating  in  csynchronisn  with  one  another. 

Normally  a  quarts  crystal  oscillator  emits  100  kc  sine  waves  which 
are  converted  into  pulses  spaced  at  a  10  p.s  interval  by  a  pulse  stsndarclizer , 
The  fundamental  tine  unit  for  the  ENL.C,  a  pulse  time,  is  thus  10  ps.  The 
output  of  the  pulse  standardizer  goes  to  the  so  called  on  beat  circuit  which 
contrlna  another  pulse  standardizer  and  tubes  for  power  onplifi cation.  The 
on  beat  circuit  emits  pulses  (throujgh  one  of  its  3  outputs)  to  the  off  beat 
circuit.  The  off  beat  circuit  shapes,  amplifies  and  delays  the  pulses  which 
it  receives.  One  output  of  the  off  beat  circxiit,  delayed  1,25  lis  after  the 
on  beat  pulses>is  taken  to  a  20  stage  ring  counter  (neons  correlated  with 
the  stages  of  the  ring  are  shown  on  PX-9-304)  which  controls  certain  gates 
and  flip-flops.  The  off  beat  pulses,  delayed  2.5  ps  after  the  on  beat  pulses, 
are  taken  to  a  gate  which  is  controlled  by  a  flip-flop,  in  turn,  controlled  by 
the  ring.  Other  gates  associated  with  the  ring  pass  on  beat  pulses.  The  ring 
with  its  associated  flip-flops  and  gates  is  responsible  for  producing  a  pattern 
of  pulses  repeated  every  20  pulse  times  (or  every  addition  time).  The  gate 
and  each  of  the  9  different  kinds  of  pulses  (see  PX-9-306)  emitted  every 
addition  time  are  each  carried  on  one  of  the  11  leads  of  the  synchronizing 
trunk  (see  Chapter  II  for  the  use  of  the  11th  lead).  The  various  units  of 
the  ENIi^C  are  connected  into  the  synchronizing  trunk  so  that  they  can  pick 
up  the  pulses  "needed  for  their  operation. 

The  pulses  generated  by  the  cycling  unit  or  pulses  from  some  external 
source  can  be  viewed  on  the  screen  of  an  oscilloscope  built  into  the  cycling 
unit. 

This  chapter  will  cover  the  following  topics:  sources  of  pulses  and 
gates.  Sec.  3.1i  methods  of  operation  of  the  cycling  unit  and  ENLiC,  Sec,  3.2} 
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cycling  unit  oscilloscope.  Sec,  3,3t  Reference  will 
drawings: 

Front  Panel  of  the  Cycling  Unit 
Front  View  of  the  Cycling  Unit 
Block  Diagram  of  the  Cycling  Unit 
and  Initiating  Unit 
Cycling  Unit  Pulses  and  Gates 

3.1.  PULSES  AND  GATES  AND  THEIR  SOURCES 

3.1.1.  The  Pulses  and  Gates 

The  nine  different  kinds  of  pulses  and  the  gate  emitted  by  the 
cycling  unit  every  200  ps  are  shown  on  PX-9-306.  The  lOP  are  classified  as 
off  beat  pulses;  all  other  pulses  as  on  beat.  Each  of  the  lOP,  9P,  2P,  2»P, 

4P,  the  IP,  I'P  and  CPP  are  roughly  the  same  in  shape  and  alike  in  duration 
(namely,  2  ps).  They  differ  fron  one  another  in  the  line  of  the  synchronizing 
tnink  over  which  they  are  transmitted,  the  part  of  the  addition  time  cycle  in 
which  they  are  emitted,  and  the  purposes  for  which  they  are  used  in  the  ENIAC. 

The  9P.  the  I’P,  the  1,  2,  2’ ,  and  4P  are  commonly  used  as  digit 
pulses.  An  accumulator  transmits  the  number  stored  in  it  or  the  complement  of 
the  number  stored  in  it  by  gating  appropriate  numbers  of  the  over  the  various 
lines  of  the  digit  output.  In  the  transmission  of  complements  from  an 
accumulator,  the  1*P  is  gated  and  allowed  to  pass  over  the  lead  which  carries 
the  extreme  right  hand  significant  figure  being  stored  in  the  accumulator  to 
make  a  tens  instead  of  nines  con^?lement.  The  1,  2.  2' ,  and  U  pulses  are  used 
particularly  where  information  stored  in  static  form  is  converted  into  pulse 
form,  e,g,  in  the  high  speed  multiplier,  the  function  table,  the  divider-square-. 
rooter,  and  the  constant  transmitter.  By  suitable  combinations  of  the  1,  2,  2', 
and  4  pulses  any  number  between  1  and  9  can  be  formed.  The  lOP  are  used  only 
in  accumulators.  They  serve  to  cycle  each  counter  around  back  to  the  position 
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PX-9-304 
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it  starts  from  when  the  transmission  of  a  nvinber  and/or  its  complement  from 

an  accumulator  takes  place  (see  Sec«  il4,3*l)* 

The  carry  clear  Kate  (which  lasts  from  pulse  tine  11  to  17)  is  used 

to  cause  the  clearing  of  accumulators  which,  at  the  operator's  option,  may  or 

nay  not  take  place  after  transmission  from  an  accumulator  (see  Sec. 

The  carry  clear  gate  also  allows  a  carry  over  pulse  to  pass  from  a  decade 

counter  to  the  decade  counter  immediately  to  the  left  if  carry  over  takes  place 

in  the  reception  of  a  number  by  an  accumulator  (see  Sec,  4*3.2).  Carry  over 

can  take  place  in  two  ways:  delayed  or  direct.  In  delayed  carry  over,  the  first 

reset  pulse  passed  through  a  gate  (which  is  controlled  by  a  flip-flop  that 

remembers  that  carry  over  is  to  take  place)  is  gated  by  the  carry  clear  gate 

so  that  it  can  reach  the  next  decade.  The  second  reset  pulse  resets  this  flip- 

flop,  Direct  carry  over  takes  care  of  carry  overs  which  result  frcaa  carry 

over.  In  this  latter  form,  the  pulse  which  necessitates  carry  over  (and  not 

the  reset  pulse,  as  above)  is  the  one  which  the  carry  clear  gate  allows  to 

pass  to  the  next  decade  counter.  The  reset  pulse  is  enitted  twice,  once 

during  the  emission  of  the  carry  clear  gate  for  delayed  carry  over  and  once 

after  the  carry  clear  gate  to  reset  carry  over  flip-flops  which  may  be  set 

first 

after  delayed  carry  over  takes  place,  They^resot  pulse  is  also  used  to  reset 
a  flip-flop  (the  same  one  used  for  carry  over  in  reception)  which  is  set  in 
the  process  of  transmitting  from  an  accumulator. 

The  principal  uses  of  the  central  program  pulse  (emitted  at  pulse 
time  17)  are  the  provision  of  the  program  pulses  needed  to  stimulate  program 
controls  and  the  resetting  of  the  receivers  and  transceivers  in  these  program 
controls , 

3.1.2,  Sources  of  the  Pulses  and  Gates 

it  block  diagram  of  the  circuits  of  the  cycling  unit  which  are  involved 
in  generating  the  pulses  and  gates  emitted  by  this  unit  appears  on  the  left 
hand  half  of  PX-9-307. 
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The  oscillator  (61,  63)  emits  100  KC  sine  waves  which  the  pulse 
stanclardizor  (K,  L26)  converts  into  pulses  spaced  at  10  iis  intervals. 

In  continuous  operation  (see  Sec.  3.2.)  each  pu].so  from  the  oscil¬ 
lator  and  pulse  standardizer  circuit  is  delivered  to  the  on  beat  circuit.  « 
special  pulse  standardizer  in  this  circuit  (tubes  6l  and  62  and  thel.pis  delay- 
line)  produces  rectangular  pulses 2  ps  broad.  The  on  boat  circuit  has  3  out¬ 
puts,  One  of  the  outputs  is  brought  to  n  terminal  labelled  on  beat  pulse 
output  terminal  (see  PX-9-30/I*.) ,  For  every  pulse  received  by  the  on  beat 
circuit,  a  pulse  in  phase  with  the  9P  is  emitted  from  this  terminal.  These 
pulses  are  used  in  the  test  equipment  of  the  ENIAC  (see  EWIaC  iialKTENaNCE 
LLiNUAL),  ..nother  output  of  the  on  beat  circuit  delivers  pxilscs  to  gates 
associated  with  various  stages  of  the  cycling  unit  ring  and  the  third  output 
delivers  pulses  to  the  off  boat  circuit. 


Off  beat  pulse 


Pulse  to  cycle  ring 


On  beat  pulse 


Duration  in  ps 
Figure  3-1 


The  off  beat  circuit  routes  these  pulses  through  a  2,5  ps  delay  line. 
This  delay  line  is  tapped  at  half  its  length,  for  the  pulses  which  cycle  the 
ring  counter.  The  pulses  delayed  the  full  2,5  p^,  called  the  off  beat  pulses, 
are  delivered  to  gate  L30  (sea  Fig.  3-1  for  a  chronological  comparison  of  the 
on  beat  and  off  beat  pulses  and  the  pulses  wtiich  cycle  the  ring)* 
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Tho  off  beat  pulses  pc.ss  through  L30  to  produce  the  lOP  as  long  as 
gate  L30  is  held  open  by  tho  lOP  flip-flop  (L29)  in  tne  abnormal  state.  This 
flip-flop  is  flipped  into  the  abnormal  state  when  the  ring  counter  is  in  stage 
zero  and  remains  in  this  state  until  reset  by  a  signal  from  gate  a30  (which  is 
controlled  by  stage  10  of  the  ring).  The  lOP  neon  correlated  with  this  flip- 
flop  is  shown  on  PX-9-304. 

Stage  1  of  the  ring  controls  gate  K30.  The  on  beat  pulse  passed 
through  gate  KJO  gives  rise  to  the  IP  and  the  first  of  the  9P.  Sta^^e  2  of 
the  ring  controls  gate  J30,  The  on  beat  pulse  passed  through  gate  J30  gives 
rise  to  the  first  of  the  2P  and  tho  second  of  the  9Pf  etc.  In  this  way,  the 
1,  2,  2’,  and  4P,  and  the  1*P  are  generated  in  the  chronological  order  shown 
on  PX-9-306,  • 

When  the  cycling  unit  ring  reaches  stage  11,  gate  82?  opens  ta 
pass  an  on  beat  pulse.  This  signal  sets  tho  carry  clear  gate  flip-flop, 

E27  (see  PX-9-304  for  the  associated  neon).  This  flip-flop  remains  in  the 
abnormal  state  for  the  next  7  pulse  times,  being  reset  by  an  on  beat  pulse 
gated  through  gate  H27  which  is  controlled  by  stage  18  of  the  ring.  The  signal 
from  the  carry  clear  gate  flip-flop  in  the  abnormal  state  produces  the  CCG, 

While  the  carry  clear  gate  is  on,  an  on  beat  pulse  gated  through 
gate  C27  (which  is  controlled  by  stage  13)  produces  a  reset  pulse.  The 
second  reset  pulse  is  produced  when  the  ring  is  in  stage  19. 

A  signal  from  stage  17  of  the  ring  gates  an  on  beat  pulse  through 
gate  27  to  produce  a  CPP. 

All  of  the  cycling  unit  pulses  and  gates  shown  on  PX-9-306  are 
passed  through  cycling  unit  transmitters  (6I-70,  21-30,  or  3-12)  for  power 
amplification  before  tre^nsmission  from  the  cycling  unit. 

It  is  expected  that  most  of  the  time  the  ENIAC^'s  oscillator  circuit 
with  its  100  kilocycle  rate  will  be  used  in  tho  cycling  unit.  If  for  any 
reason  it  is  desired  to  operate  the  ENIAC  at  some  other  rate,  a  different 
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oscillator  can  be  plugged  in  and.  used  to  suppl;/  pulses  to  the  on  beat  circuit. 
Vlhen  the  oscillator  switch  (see  PX-9-304)  is  set  at  Ext.  and.  an  external  oscil¬ 
lator  is  plugged  into  the  external  oscillator  input  terminal  at  the  right  of 
this  switch,  the  fundamental  pulses  for  the  cycling  unit  are  derived  from  the 
external  oscillator.  Vflien  the  cycling  unit's  oscillat.ir  supplies  the  fundamen¬ 
tal  pulses,  the  oscillator  switch  is  set  at  Int,  It  is  to  be  noted  that  the 

time  constants  for  the  ENlAC's  circuits  have  been  designed  for  a  frequency  of 

been 

100  KC  and  certain  safety  factors  havey^nciuded  on  this  basis.  If  a  higher 
frequency  is  used,  these  safety  factors  will  he  lost  so  that  the  reliability 
of  the  ENIzX  will  bo  decreased, 

3,2,  METHODS  OF  OPERATION 

The  cycling  unit  can  be  set  up  sc  that  the  ENIaC  upere.teS  in  one  of 

3  nodes; 

1)  continuous  operation  at  the  fundamental  frequency  of  the 
oscillator  used. 

2)  one  addition  tine  operction  in  which  the  cycling  unit  supplies 
the  pulses  for  only  one  addition  time  cycle  at  the  oscillator 
rate  with  a  wait  of  any  length  desired  by  the  operator  between 
addition  tines. 

3)  one  pulse  tine  operation  in  which  the  cycling  unit  supplies  the 
pulses  of  the  addition  tine  cycle  one  at  a  time  with  a  wait  of 
any  lan.gth  desired  by  the  operator  between  pulses. 

Continuous  operation  is  the  natviral  method  of  operation  of  the  ENI-'i.C. 
One  addition  time  or  one  pulse  tine  operation  is  used  for  testing  and  checking 
pxirposes.  One  addition  time  operation  is  particularly  useful  in  checking  a 
aet^flip  that  is  put  on  the  ENIriC,  Before  actually  running  through  a  complete 
computation  continuously,  the  operator  can  cause  the  ENIAC  to  progress  through 
one  cycle  of  the  cunputotion  addition  tine  by  addition  time.  By  observing  the 
neon  bulbs  in  the  various  units,  he  con  then  check  to  see  that  the  units  are 
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operating  properly  and  that  switch  settings  and  cable  connections  have  been 
made  correctly  to  carry  out  the  contemplated  set-up.  To  test  whether  cr  not 
a  particular  unit  is  functioning  properly,  1  addition  time,  or,  for  finei* 
discriiiiination,  one  pulse  time  operation  can  be  used. 

The  cycling  unit  controls  which  are  used  for  the  various  modes  cf 
operation  are  the  operation  selector  switch  and  the  1  pulse  time-1  addition 
time  push  button  (see  PX-9-303) ,  When  the  operation  selector  switch  is  set 
at  Cont.,  the  cycling  unit  emits  the  pulses  and  gates  continuously.  When 
this  switch  is  set  at  1  Add,  the  pulses  and  gates  for  1  complete  addition  time 
cycle  are  given  out  every  time  the  IP-IA  button  is  pushed.  With  the  switch 
set  at  1  Pulse,  the  pulses  or  gates  of  the  addition  time  cycle  eu:'e  given  out 
in  chronological  sequence,  one  each  time  the  IP-IA  button  is  pushed.  It  might 
be  mentioned  that  all  three  modes  of  operation  are  possible  whether  the  ENIAC's 
oscillator  or  an  external  oscillator  is  used  to  supply  the  fundamental  pulses. 

Continuous  or  non-continuous  operation  is  accomplished  by  allowing  all 
pulses  or  only  certain  pulses  from  the  oscillator  circuit  to  reach  the  on  beat 
circuit  (and  then  the  off  beat  circuit,  and  the  ring  with  its  associated  gates). 
The  continuous  relay,  the  1  addition  time  relay,  gates  L  28  and  L  27  and  the 
1  pulse  -  1  addition  time  push  button  (see  PX-9-307)  are  used  for  this  purpose. 
It  might  be  pointed  out  that  gate  L  27  is  connected  to  the  nornelly  positive  out¬ 
put  of  stage  zero  of  the  ring,'  Thus  L  27  is  closed  when  the  ring  is  in  stage 
zero  and  open  at  all  other  times. 

In  continuous  operation,  the  reqiiirements  are  that  the  circuit  con¬ 
taining  gates  L  27  and  L  28  shall  pass  all  of  the  pulses  from  the  oscillator 
and  that  accidentally  pushing  the  1  pulse  -  1  addition  time  push  button  shall 
have  no  effect.  The  requirements  are  met  in  the  following  way;  with  the 
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operation  awlteh  eat  at  continuous  (as  shown  on  PX-9^307)  'the  continuous  relay 
is  aetlTated  so  that  contacts  1  and  3  are  closed  and  the  1  addition  tine  relay 
is  not  activated  so  that  contact  6  is  closed.  Now  with  contact  1  closed.,  the 
cathode  of  tube  70  (at  the  left)  floats  and  the  tube  is,  therefore,  inoperative. 
Since  this  tube  is  not  conducting,  a  positive  voltage  is  applied  to  gate  L  2S, 

The  circuit  through  contact  3  delivers  to  the  pulse  standardizer  K-L  26  and  then 
to  gate  L  28  the  oscillator  pulses  which  then  pass  through  gate  L  28. 

When  the  operation  switch  is  set  at  IP  or  lA  respectively,  only  the 
pulse  which  results  from  pushing  the  1  pulse  -  1  addition  push  button  or  only 
20  oscillator  pulses  immediately  following  the  pushing  of  the  button  are  to 
reach  the  on  beat  circuit*  Let  us,  therefore,  consider  the  circuit  containing 
the  1  pulse  -  1  addition  push  button.  Tubes  68  are  nomally  on  and  tubes  69 
constitute  a  flip-flop  with  but  one  stable  state  (a  non-standard  flip-flop  for 
the  ENIAC),  The  normally  positive  output  of  this  flip-flop  is  taken  to  tube  70 
and  the  normally  negative  output  is  used  to  reset  the  flip-flop  Immediately  after 
it  is  set*  When  the  push  button  is  pushed,  tubes  68  go  off  and  the  flip-flop  is 
set  momentarilyi  otherwise,  this  flip-flop  remains  in  the  normal  state. 

When  the  operation  switch  is  set  at  1^ ,  neither  the  continuous  nor 
the  1  addition  time  relay  is  activated  so  that  contacts  6,  Ut  2  are  closed. 
The  circuit  through  contaict  2  connects  the  cathode  of  tube  70  (S'b  the  left)  to 
-40V  so  that,  with  the  flip-flop  (69)  in  the  normal  state,  tube  TO  is  on.  The 
negative  output  of  this  tube  holds  L  28  closed.  Only  wheh  the  push  .button  is 
pushed  is  tube  70  turned  off  so  as  to  open  gate  L  28,  The  positive  pulse  from 
tube  70  (at  the  left)  also  passes  through  the  other  tube  of  the  same  number  and, 
through  contacts  6  and  4,  is  delivered  to  the  pulse  standardizer  and,  finally, 
g&ts  L  26 « 
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In  I  addition  time  operation,  contacts  5,  4,  2  are  closed. 

The  circuit  through  contact  2,  as  described  above,  causes  gate  L  2S  to  be  opened 
momentarily  when  the  1  pulse  -  1  addition  time  button  is  pushed.  The  circuit 
through  contacts  5  and  4  delivers  the  oscillator’s  pulses  to  the  pulse  standard- 
izer  and  the  gates  L  27  and  L  28.  The  first  oscillator  pulse  passes  through 
gate  L  28,  This  pulse  results,  finally,  in  cycling  the  ring  from  stage  aero 
to  stage  1  so  that  the  subsequent  19  pulses  from  the  oscillator  pass  through 
gate  L  27*  VAien  the  ring  reaches  stage  aero  again,  L  27  is  closed  and  L  28 
does  not  open  again  unless  the  1  pulse  -  1  addition  button  is  pushed.  In  case 
the  cycling  unit  has  been  running  in  the  1  pulse  time  mode  and  is  switched  into 
the  one  addition  time  node  in  the  midst  of  an  addition  time  cycle,  the  pulses 
and  gates  for  the  remainder  of  the  addition  time  are  given  out  Immediately 
(since  gate  L  27  is  open),  whether  or  not  the  1  pulse  >  1  addition  button  is 
pushed. 

Controls  are  provided  which  enable  the  operator  to  control  the  method 
of  operation  of  the  cycling  unit  when  he  is  standing  near  some  unit  different 
from  the  cycling  unit.  The  PA,  lA,  and  Cont.  input  terminals  (shown  on 
PX-9-303)  make  this  possible.  Portable  push  buttons  may  be  used  in  connection 
with  these  terminals  by  plugging  them  into  program  lines  (with  no  load  box) 
which  are  in  turn  connected  to  each  of  the  terminals  PA,  lA,  and  Cont, 

A  push  button  connected  to  terminal  PA  parallels  the  1  pulse  -  1  add 
addition  time  push  button.  Portable  push  buttons  connected  to  the  lA  or  Cont. 
terminals  can  be  used  only  when  the  operation  selector  switch  is  set  at  1 
Pulse,  since,  with  either  of  the  other  settings,  the  mode  of  operation  circuits 
are  locked  so  that  they  cannot  be  Mitered  except  from  the  operation  selector 
switch.  Closing  the  button  connected  to  terminal  lA  causes  the  1  addition 
time  relay  to  be  activated^  closing  the  button  connected  to  the  Cont,  tezninal 
causes  the  continuous  relay  to  be  activated. 
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A  more  convenient  method  of  operating  the  1  pulse  time  -  1  addition 
time  push  button  and  the  operation  selector  switch  from  any  place  in  the  ENIAC 
room  is  provided  by  the  portable  control  box.  This  box,  which  parallels  certain 
controls  found  on  both  the  Initiating  unit  and  the  cycling  unit,  is  discussed 
in  Section  11,6. 

3.3.  THE  CYCLING  UNIT  OSCILLOSCOPE 

An  oscilloscope  whose  screen  is  shown  on  PX-9-303  is  built  into 
the  cycling  unit.  The  oscilloscope  input  switch  with  its  12  positions  makes 
it  possible  to  view  any  of  the  groups  of  cycling  unit  pxilses  or  gates,  the 
selective  clear  gate,  or  any  external  signal  brought  to  the  cycling  unit 
through  terminal  Ext.  below  the  switch. 

It  might  be  noted  that  the  main  purpose  of  the  oscilloscope  is  to 
make  possible  verification  of  the  presence  of  the  pulses  and  to  provide  a 
rough  check  on  their  an^ilitudes,  Vi/hen  viewed  on  the  screen,  the  cycling  unit 
pulses  and  gates  should  be  approximately  an  inch  high  as  indicated  by  the  line 
on  the  oscilloscope  sci^en.  Because  of  their  reflection  in  the  lines  of  the 
synchronizing,  trunk,  the  cycling  unit  pulses  and  gates  seen  on  the  oscillo¬ 
scope  screen  do  not  have  the  symmetrical  square  shape  shown  on  the  chart  below 
the  screen. 
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IV  ACCUMUUTQR 

The  accumulator  serves  as  a  memory  and  arithmetic  unit.  Each 
accumulator  can  store  and  operate  on  a  number  having  as  many  as  10  digits 
with  its  sign  indication.  Two  accumulators  can  be  interconnected  by  special 
plugging  of  their  interconnector  terminals  so  that  they  can  store  and  operate 
on  a  signed  number  with  as  many  as  20  digits.  Programming  memory  is  provided 
by  the  transceivers  of  the  accumulator's  8  repeat  program  controls.  Repeat 
switches  included  in  the  repeat  program  controls  make  it  possible  for  an 
accumulator  to  remember  that  it  is  to  transmit  a  program  output  pulse  1  to  9 
addition  times  after  receiving  a  program  input  pulse.  In  addition  to  8  repeat 
program  controls,  the  accumulator  has  4  non-repeat  program  controls  which  have 
receivers  and  can,  therefore,  receive  but  not  transmit  a  program  pulse. 

Because  an  accumulator  is  capable  of  receiving  a  number  or  of 
transmitting  the  number  and/or  the  complement  of  the  number  stored  in  it,  an 
accumulator  is  capable  of  performing  the  operations  of  addition  or  subtraction. 
Repeat  program  controls  on  the  ENIAC  make  it  possible  for  the  accumulator  to 
receive  or  transmit  repetitively  from  one  to  nine  times  when  a  given  repeat 
program  control  is  stimulated.  Each  accumulator  has  3  digit  input  channels 
through  any  one  of  which  it  can  receive  a  10  digit  signed  number.  Mechanical 
shifters  plugged  into  these  input  terminals  make  it  possible  to  receive  the 
incoming  number  shifted  to  the  right  or  left.  Thus,  the  accumulator,  through 
repeated  addition,  can  carry  out  the  multiplication  of  a  number  by  a  constant 
having  one  or  more  digits. 

The  ability  to  do  addition  and  subtraction  and  the  presence  of 
transceiver  units  in  the  accumulator  also  make  it  possible  for  the  ENIAC  to 
compare  the  magnitudes  of  two  numbers  in  accumulators  and,  on  the  basis  of 
this  discrimination,  choose  which  of  2  alternative  program  courses  is  to  be 
followed. 

The  accumulator  can  clear  its  contents  to  zero  in  all  decades  or  can 
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clear  so  that  zero  reraains  in  all  decades  but  one  and  a  five  remains  in  that 

one  (clear  to  5).  The  ability  to  clear  to  5  in  a  given  decade  combined  with 

the  possibility  of  plugging  a  deleter  into  an  accumulator' s  digit  output 
terminal  or  terminals  makes  it  possible  to  use  the  accumulator  to  round  off 
numerical  results. 

The  static  outputs  of  various  stages  of  the  10  decade  counters  and 

the  binary  HI  counter  of  an  accumulator  can  be  connected  to  other  units  such 

as  the  high  speed  multiplier  or  printer  so  that  these  units  om  receive  in¬ 
formation  about  the  number  stored  in  a  given  accumulator  statically,  (see 
Sec.  4p3*3.)t 

The  following  topics  regarding  the  accumulator  will  be  discussed 
in  this  chapter:  Sec*  4*1*  program  controls j  Sec,  4*2,  common  programming 
circuits;  Sec,  4.3j  numerical  circ\iLts;  Sec,  4.4*  use  of  accunuli.tors  for 
fewer  or  more  than  10  digit  computations;  and  Sec,  4.5 j  problems  illustrating 
the  use  of  accumulators.  Reference  will  be  made  to  the  following  diagrams: 

Accumulr.tor  Front  View  PX-5-305 

Accumulator  Front  Panel  PX-5-301 

Accumulator  Block  Diagram  PX-5-304 

4,0.  GENERAL  SUMMARY  OF  THE  aCCU!.-IULkT0R  ' 

Each  accumulator  has  12  program  controls  (see  PX-5-301).  Four  of 
these  are  non-repeat  program  controls;  eight  are  repeat,.  Each  of  the  12  pro¬ 
gram  controls  has  an  operation  switch  for  specifying  the  operation  (receive, 
transmit,  or  neither)  which  the  accumulator  is  to  perform  and  a  clear-correct 
switch.  In  addition,  each  non-repeat  control  has  a  receiver  with  a  program 
pulse  input  terminal;  each  repeat  program  control  has  a  transceiver  with 
program  pulse  input  and  output  terminals  and  a  repeat  switch.  Neons  associated 
with  the  4  receivers  and  8  transceivers  are  shown  on  PX-5-305. 

The  12  program  controls  operate  conunon  progr fanning  circuits  (see 
PX-5-304)*  the  receive  circuits,  the  transmit  circuits,  the  clear  circuits 


IV  -  3 


(Including  the  significant  figures  switch  and  selective  clear  avfitch),  and  a 
circuit  which  enables  the  accumulator  to  pick  up  the  1*P,  The  repeat  switches 
of  the  8  repeat  program  controls  also  operate  in  con jxinet ion  with  the  9  stage 
repeater  ring  circuit.  The  repeater  neons  (see  PX-5-305)  aro  correlated 
with  the  stages  of  the  repeater  ring. 

The  programming  circuits  common  to  all  12  program  controls  operate 
the  accumulator's  nximerical  circuits  (see  PX-5-304).  The  accumulator's 
numerical  circuits  consist  of  10  decade  plug  in  units  and  a  PM-clear  plug 
in  unit.  Each  decade  plug  in  unit  consists  of  a  decade  (10  stage  ring) 
counter,  a  decade  flip-flop  (16,  17),  a  stage  nine  gate  (14)»  reset  pulse 
gate  (18),  carry  over  gates  (19  and  20),  A  and  S  ot4^put  gates  (2l  and  22. 
respect.lvely)  and  transmitters,  a  pulse  standi'-rdizer  aind  several  inverter 
tubes.  Each  decade  counter  stores  1  digit  of  «  number  and  plays  a  part  in 
the  reception  or  transmission  of  one  digit  of  the  total  of  10  digits  that  the 
accumulator  can  handle.  The  decade  flip-flop  has  2  purposes;  (1)  In  recep- 
tic»i  it  remeirfaers  if  carry  over  is  to  take  place;  (2)  in  transmission  it 
controls  the  A  and  5  output  gates.  Gates  14,  18,  19,  and  20  participate  in 
the  carry  over  process.  Gate  18,  moreover,  controls  the  resetting  of  the 
decade  flip-flop.  The  decades  are  numbered  from  right  to  left  so  that  units 
decade  counts  as  decade  1  and  the  10^  decade,  as  decade  10.  There  is  a  neon 
bulb  associated  with  each  stage  of  a  decade  counter  and  with  the  decade  flip- 
flop  (see  PX-5-305), 

The  PM-clear  unit  contains  a  binary  ring  (PM)  counter,  A  and  S  out¬ 
put  gates  and  transmitters,  a  pulse  standardizer,  and  amplifier  tubes  for  the 
clear  signal.  There  is  also  a  special  transmitter  for  the  1*P  used  when  the 
accumulator  transmits  subtractively.  The  PM  counter  has  stage  p  for  positive 
numbers,  and  stage  M  for  negative  numbers  (which  are  treated  as  complements 
in  the  ENIAC),  It  should  be  noted  that  pulse  input  to  the  PM  counter  can  come 
not  only  from  the  PM  lead  of  a  digit  iiput  terminal,  but  also  can  result  frcsn 
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carry  over  from  the  10th  decade.  This  latter  fact  makes  possible  the  correct 
addition  or  subtraction  of  signed  numbers.  Neons  correlated  with  the  stages 
P  and  M  of  the  M  counter  are  shown  on  PX-5-305, 

Vifhen  storing  the  number  +2  345  098  765#  the  accumulator’s  face 
will  have  the  appearance  shown  on  PX-5-305  (a)  where  a  darkened  circle  denotes 
a  lit  neon  bulb,  and  the  corresponding  stages  of  the  various  counters  will  be 
in  the  abnormal  state. 

The  negative  of  a  number  is  represented  intheENIAC  by  the  con^lement 

10* 

of  the  number  with  respect  to  10  ,  An  accumulator  stores  the  number 

-2  345  098  765  in  the  form  U+(l0^®-2  345  098  765)  or  M+(7  654  901  235).  Vftien 
an  accumulator  is  storing  -2  345  098  765 >  the  digit  neons  appear  as  in  Px-5-305 
(b)  and  the  corresponding  stages  of  the  counters  are  in  the  abnormal  state. 

The  decade  counter  and  PLi  counter  transmit  their  digit  output  through 
either  or  both  of  2  terminals,  the  A  (add)  and  S  (subtract)  output  terminals. 

The  number  stored  in  an  accumulator  is  emitted  over  the  A  terminal)  the  conw 
plement,  over  the  S  terminal.  The  counters  can  receive  their  inputs  from  any 
one  of  5  input  terminals  identified  by  the  letters  a,  p,  y,  5,  e.  The  decade 
counters  and  the  Flf  counter  of  an  accumulator  receive  or  transmit  the  infor¬ 
mation  f*r  all  10  digits  and  sign  simultaneously  (the  transmission  of  the 
pulses  for  each  digit  is,  however,  serial) , 

4.1.  PROGRAM  CONTROLS  AND  THE  SIGNIFICANT  FIGURES  AND  SELECTIVE  CLEAR  SWITCHES 
As  sta.ted  earlier,  each  accumulator  has  12  program  controls;  four 
non-repeat  controls  (consisting  of  receiver  with  program  pulse  input  terminal, 
operation  switch  and  clear-correct  switch)  and  8  repeat  controls  (consisting 
of  transceiver  with  program  pulse  input  and  output  terminals,  operation  switch, 
clear-correct  switch,  and  repeat  switch) ,  In  this  section  the  possible  settings 

«  Also  see  Sec,  4.I.4. 

••HHiVhen  two  accumulators  are  interconnected  to  form  one  20  decade  accumulator, 
complements  are  taken  with  respect  to  10^, 
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and  uses  of  program  control  switches  will  be  described.  The  significant 
figures  switch  and  selective  clear  switch  which  are  more  properly  classified 
as  part  of  an  accumulator's  common  programming  circuits  are  also  described 
here.  The  switches  are  shown  on  PX-5-301.  Neons  correlated  with  the  12  pro¬ 
gram  controls  are  shown  on  PX-5-305. 

4.1.1.  The  Operation  Switch 

The  operation  switch  has  9  positions:  a,  p,  y,  5,  e,  0,  k,  S,  AS. 

If  the  operation  switch  of  a  stimulated  program  control  is  set  at  one  of  the 
settings  a,  p,  y,  S,  or  e,  the  accumulator  receives  the  pulses  representing 
any  number  transmitted  over  the  digit  tray  to  which  the  corresponding  digit 
input  tenninal  is  connected.  Obviously^  if  that  input  terminal  is  not  con¬ 
nected  to  a  digit  tray  or  is  connected  to  a  tray  not  co.rrying  pulses  at  the 
time  the  control  is  stimulated,  the  accumulator  receives  no  pulses.  This 
point  will  bo  referred  to  in  Sec,  4.1.2,  in  connection  with  the  clear-correct 
switch. 

If  the  operation  switch  is  set  at  A,  S,  or  AS,  the  accumulator 
transmits  its  contents,  the  complement  of  its  contents,  or  both  respectively 
when  the  control  is  stimulated. 

The  setting  0  instructs  the  accumulator  to  neither  receive  nor 
transmit.  This  setting  is  useful  on  non-repeat  or  repeat  control  operation 
switches  when  it  is  desired  to  clear  an  accumulator  without  receiving  or 
transmitting  (see  Sec,  4.1.2,).  liftien  set  on  the  operation  si^vitch  of  a  repeat 
program  control,  the  setting  0  provides  a  means  of  obtaining  a  program  output 
pulse  dela,yed  from  1  to  9  addition  times  without,  however,  disturbing  the 
contents  of  the  accumulator.  (See  the  discussion  of  dummy  programs  in 
Sec.  4.5 i ) • 

4.1.2,  The  Clear-Correct  Switch 

The  clear-correct  switch  can  be  set  at  either  C  or  0*  The  accumu¬ 
lator  "ss  interpretation  of  the  setting  C  depends  on  the  sotting  of  the  associated 


IV  -  6 


operation  switch. 

If  a  stimulated  program  control's  operation  switch  is  set  at  one 

/ 

of  the  transmit  settings  (A,  S,  or  AS)  or  is  set  at  0,  the  accumulator  clears 
either  to  zero  in  all  decades  or  to  zero  in  all  decades  except  one  in  which 
it  clears  to  5,  The  setting  of  the  significant  figures  switch  (see  Sec,  4.1.4) 
determines  whetier  clearing  is  to  zero  or  5  and^  if  to  5j  in  which  decade 
the  5  appears. 

With  tha  operation  switch  set  to  a  receive  setting  a,  p,  y,  S,  or  a, 
the  setting  C  of  the  clear-correct  switch  gives  tdie  instruction  "pick  up  the 
I'P  from  the  synchronizing  trunk  and  put  it  in  the  first  decade".  If  there 
are  no  digit  pulses  coining  to  the  digit  input  terminal  when  the  control  set 
up  in  this  way  is  stimulated,  the  accumulator  singly  picks  up  the  I'P.  If 
there  are  actually  pulses  coining  to  the  digit  input  terriiinal,  these  are  first 
received  and  then,  when  the  cycling  unit  emits  the  I'P,  this  pulse  also  is 
picked  up  and  put  into  the  first  decade,  A  "receive  -  C"  program  in  which 
digits  are  received  and  the  I'P  is  picked  up  is,  however,  not  possible  when 
the  digits  are  transmitted  as  a  complement  from  another  unit  in  such  a 

way  that  the  I'P  from  the  digit  tray  also  arrives  in  units  place,  (See 
Sec.  4.3.1.) 

There  are  at  least  three  occasions  when  the  "receive  -C"  setting 
of  a  program  control  proves  useful.  If  a  given  accumulator  is  being  used  to 
store  the  independent  variable,  the  accumulator  can  be  progriunmed  to  pick  up 
the  I'P  whenever  it  is  desired  to  increase  the  value  of  the  independent 
variable  by  one  (see  the  illustrative  problem  of  Chapter  VIIl).  In  some 
problem  set-ups,  an  accumulator  may  receive  from  the  S  output  terminal  of 
the  product,  quotient,  or  two  root  accumulator,  a  complement  with  respect  to 
9  in  all  decades  Instead  of  a  10^^  complement  (see  Chapters  V  and  VI  and 
Sec,  4.3.1.).  Also,  an  accumulator  may  receive  a  number  transmitted  as  a 
complement  by  a  second  accumulator  and  shifted  to  the  right  enroute  so  that 
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the  original  1*P  needed  to  make  a  tens  complement  (see  Sec.  /t..3.1.)  is  lost. 
The  missing  pulse,  in  either  case,  can  be  picked  up  through  a  “receive  -C“ 
program, 

4.1.3.  Repeat  Switch 

The  repeat  switch  (which  is  found  only  oh  repeat  program  controls) 
can  be  set  to  any  number  between  one  and  nine  inclusive.  The  accumulator 
carries  out  whatever  operation  is  set  on  the  associated  operation  switch  as 
many  times  as  is  specified  by  the  setting  of  the  repeat  switch,-  Eacb 
repetition  requires  one  addition  time  so  that  if  the  repeat  switch  of  a 
control  is  set  at  Ir  (l5^r-S9)»  r  addition  times  must  be  allowed  for  the  pro¬ 
gram  set  up  on  that  control.  The  transceiver  of  a  repeat  program  control 
emits  a  program  output  pulse  at  the  end  of  r  addition  times. 

It  is  to  be  noted  that  if  the  clear  switch  of  a  repeat  program 
control  is  set  at  C  in  connection  with  an  0  or  transmit  setting  of  the 
operation  switch,  clearing  of  the  accumulator  takes  place  but  once,  at  the 
end  of  the  addition  time.  The  setting  C  In  connection  with  a  receive 
setting  of  the  operation  switch  of  a  repeat  program  control  causes  the  accumu¬ 
lator  to  pick  up  the  1' P  in  each  of  r  addition  times. 

If  the  number  a  is  stored  in  one  accumulator  and  the  number  b  in 
another  accumulator,  a  *  rb  (where  1^  r  may  be  formed  in  the  first  accu¬ 
mulator  through  the  use  of  a  repeat  program  control  on  each  accumulator.  The 
operation  switch  of  the  control  on  the  first  accumulator  should  be  set  at  a 
receive  setting  and  the  repeat  switch,  at  r.  The  operation  switch  of  the 
second  accumulator's  control  should  be  set  at  A  (ifa+rb  is  to  be  formed)  or 
at  S  (if  a-rb  is  to  be  formed)  and  the  correlated  repeat  switch,  at  R^r, 
(see  Problem  1,  Sec.  4.5.) 

In  a  similar  fashion,  it  is  possible  to  form  a^b^r^lO  , 

In  this  case  where  the  coefficient  of  b  has  more  than  one  digit,  shifters 
(see  Secs.  4*5  11. i&)  are  used  to  effect  multiplication  by  powers  of  ID, 
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Notice  that  if  the  coefficient  of  b  has  p  digits,  p  program  controls  will 
usually  have  to  be  used  on  the  receiving  accumulator  but  fewer  then  p  may 
suffice  on  the  transmitting  accumulator.  For  example,  234b  may  be  formed 
in  an  accumulator  through* the  use  of  one  program  control  (set-up  to  trensiait 
additively  9  times)  on  the  trinsmitting  accumulator.  Three  program  controls 
must  be  used  on  the  receiving  accumulator;  one  set  up  to  receive,  say  on  a, 

4  times}  another  set  up  to  receive  on  p,  3  times;  a  third  set  up  to  receive 
omy,  twice,  A  shifter  which  shifts  numbrical  data  1  place  to  the  left  should 
be  used  at  the  p  input  teminial  and  one  which  shifts  numbers  two  places  to  the 
left,  at  the  y  input  terminal  of  the  receiving  acctjnulator.  As  an  oxaraple  of 
the  circumstances  under  which  fewer  than  p  program  controls  suffice  on  the 
transmitting  accumulator,  consider  the  c^se  of  forming  998b,  This  c-m  be 
done  by  programming  the  accumultitor  which  stores  b  to  transmit  subtractively 
twice  end  then  additively  once  and  by  programming  the  receiving  accurauletor  to 
receive  twice  thru  an  input  terminal  without  a  shifter  and  once  thru  an  input 
terminal  with  a  shifter  th:--!  displaces  data  3  places  to  the  left  (i.e,  form 
998b  as  lo\  -  2b). 

4.1.4.  The  Significant  Figures  Switch 

The  significant  figures  switch  is  a  part  of  the  common  programming 
circuits  which  function  when  the  accumulator  transmits  subtractively  or  when 
the  accumulator  clears.  The  significant  figures  switch  has  eleven  positions, 

0,  1,  10,  These  numbers  refer  to  the  number  of  significant  figures, 

counted  toward  the  right  from  the  PM  counter,  to  be  retained  in  the  accumulator. 

If  the  significf^nt  figures  switch  on  an  accumul-tor  is  set  at  s 

st 

(0<s^l0),  when  clearing  takes  place,  decade  10-s  (i.e,  the  s+1  decade 
from  the  left)  clears  to  five  and  all  other  decades  to  zero.  When  a  single 
accumulator  is  used,  this  means  that  the  accumulator  is  cleared  to  zero  in 
all  decades  if  its  significant  figures  switch  is  set  at  10,  If  two  accumu- 
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lators  (see  See,  4<4*2i)  are  interconnected  to  form  a  20  decade  accumulator j 
the  setting  3*10  on  the  left  hand  accumulator  causes  it  to  clear  to  zero  in 
all  decades;  the  right  hand  accximulator  then  clears  in  accordance  with  the 
setting  of  its  significant  figures  switch.  For  example,  if  11  significant 
figures  are  to  be  stored  in  the  11  left  hand  decades  of  a  20  decade  accumu¬ 
lator,  the  significant  figures  switches  of  the  left  and  right  hand  accumulators 
respectively  are  set  at  10  £ind  1. 

The  setting  of  the  significant  figures  switch  also  determines  the 
decade  place  into  which,  the  I'P  is  put  when  an  accumulator  transmits  subtrac- 
tively,  Y/ith  the  significant  figures  switch  of  an  accumulator  set  at  s,  the 
I'P  is  transmitted  over  the  lead  for  decade  place  11-s,  i.e.,  the  s^^  decade 
place  from  the  left.  If  the  significant  figures  switch  of  an  accumulator  is 
set  at  0,  this  means  ttet  the  I'P  is  not  transmitted  when  subtractive  trans¬ 
mission  takes  place.  It  is  to  be  noted  th^^t  the  I'P  is  picked  up  and  put  into 
units  decade  of  an  accumulator  (which, in  the  case  of  2  interconnected  accumu¬ 
lator^  mean  the  20th  decade  from  the  left)  when  a  "hecelve-C"  progrrjn  control 
is  stimulated  regardless  of  the  setting  of  the  significant  figures  switch. 

Notice,  that  as  far  as  rounding  off  a  number  in  an  accumulator  is 
concerned,  the  setting  of  the  significant  figures  switch  provides  only  for 
getting  the  correct  s  digits  from  the  left.  The  significant  figures  switch 
setting  has  nothing  to  do  vdth  deleting  the  non-significant  digits  at  the 
right.  The  operator  provides  for  the  deletion  of  non-significant  figures 
by  placing  a  deleter  at  the  output^  terminal  or  termirtals  of  the  accumulator 
storing  8  significant  figures  (see  Secs,  4.5  and  11,2),  Mien  printing  of  an 
8  significauit  figure  result  is  to  take  place  from  an  accumulator  and  the  non¬ 
significant  figures  at  the  right  have  net  been  deleted,  deletion  can  be 


•'•‘.The  deleters  constructed  at  present  can  bo  used  only  at  digit  output 
terminals ,  Special  deleters,  however,  can  be  constructed  for  use  at 
digit  input  terminals. 
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provided  for  in  the  set  up  of  the  IBM  punch  plug  board  (see  Sec.  9,4  for  an 
illustration) , 

4,1.5»  The  Selective  Clear  Switch 

The  seJ.ective  clear  switch  has  two  positions,  SC  and  0,  When  the 
selective  clear  signal  Is  transmitted  from  the  initiating  unit  (see  Chapter  II), 
all  accumulators  vifhose  selective  clear  switches  are  set  at  SC  clear;  those 
accumulators  whose  selective  clear  switches  are  set  at  0  do  not  clear. 

4.2.  COMMON  PRXRAMMING  CIRCUITS 

4.2.1.  The  Receive  Circuits 

When  the  receiver  or  transceiver  of  a  program  control  whose  operation 

switch  is  set  at  a,  receive  setting  (a,  0,  y,  S,  or  e)  is  stimulated,  a  signal 

from  the  normally  positive  output  of  the  flip-flop  is  delivered  (after  passing 

« 

thru  an  inverter  and  a  buffer)  by  way  of  one  deck  of  the  operation  switch  to  the 
receive  circuits  of  the  accumulators.  The  receive  circuits  include  gates  A 
through  E  47,  buffer  tubes  (A-C  48,  A,  C.  E,  G,  and  J  46,  and  A-D  49),  and  the 
5  sets  of  receive  gates  A-L  41#  •••»  A-L  45  for  the  digit  input  terminals  a 
through  E  respectively. 

The  signal  from  the  deck  of  the  operation  switch  (referred  to  above) 
applied  to  the  set  of  receive  gates  corresponding  to  the  setting  of  the  switch, 
opens  the  11  receive  gates  for  that  digit  input  channclo  Simultaneously,  then, 
the  digit  pulses  for  the  10  decade  places  and  the  Hi  place  are  received  in  the 
accumulator.  The  pulses  for  each  place  are  routed  to  the  appropriate  counter 
with  each  pulse  received  at  a  counter  cycling  it  one  stage. 

The  signal  applied  to  one  of  the  gates  A-E  47  allows  the  carry 
clear  gate  to  enter  the  accumulator  and  play  its  role  in  the  carry  over  process 
(see  Se c.  4»3*1«)< 

4.2.2,  The  Transmit  Circuits 

If  a  stimulated  program  control  is  set  up  for  transmission  (operation 
witch  set  at  A,  S,  or  AS),  a  signal  from  the  normally  positive  output  of  the 
flip-flop  opens  one  of  the  pates  F,  G,  or  H47  so  that  the  10  P  are  admitted 
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to  each  of  the  decades  of  %he  accumul:::tor.  The  role  played  by  the  10  P  in 
transniission  is  described  in  Sec,  4*3.1-.  The  signal  from  the  flip-flop  also 
opens  gate  F49  (if  S),  J49  (if  or  gates  G  t.nd  H49  (if  AS)  so  that  the  9P 
can  pass  to  the  A  and/or  S  output  gates  of  the  10  decades  •  nd  the  PM  unit. 

In  S  or  /iS  transniission,  moreover,  gate  M42  or  M41  is  opened  to  pass  the  I’P, 
The  I'P  passing  through  deck  3  of  the  significant  figures  switch  is  routed  to 
the  lead  of  the  S  output  termin;::!  specified  by  the  setting  of  the  significant 
fig\irjs  switch.  The  manner  in  which  the  A  and  S  gates  are  controlled  so  that 
the  correct  number  of  digit  pulses  (or  9P)  are  emitted  over  each  decade  place 
load  is  described  in  Sec,  4.3.1. 

4,2,3.  The  .Clear  Circuits 

The  clear  circuits  include  g-nte  ]i.I44,  decks  1,  2,  lA,  and  2k  of  the 
significant  figures  switch  and  the  clear  tub';s  in  the  PM  unit. 

If  an  aocumulntor  is  stimulated  to  transmit  find  clear,  a  sigial  from 
buffer  62  of  receivers  or  buffer  63  of  transcolvurs' is  applied  to 
gate  M44  so  thet  the  carry  clear  gate  (CCG)  is  passed  to  the  FM-Clear  unit. 

The  clear  signaj.  from  the  M  tubes  goes  directly  to  the  upper  connections  of 
stages  1,  2,  3>  4,  6,  7,  8  and  9  in  all  decides  causing  these  stages  to  be 
flipped  into  the  norfLial  state.  Vdth  the  significant  figures  switch  set  at  s, 
tho  signal  from  the  clear  tubos  is  routed  through  deck  2A  to  the  upper  lead 
of  the  zero  stage  in  decade  lO-s  and  tl^irough  deck  1  to  the  upper  connection 
to  stage  5  in  all  decades  except  deca.de  10-s.  Decks  lii  and  2  of  the  signifi¬ 
cant  figures  switch  are  return  circuits  from  the  flip-flops.  Thus,  stage 
zero  is  left  in  the  abnorrml  state  in  all  decades  except  decade  10-s  in  which 
stage  5  is  left  in  the  abnormal,  state. 

Notice  that  gate  M44  can  be  opened  to  pass  the  CCG  either  by  the 
initial  clear  gate  (see  Chapter  II)  or  by  the  selective  clear  gcte  (ifrovided 
that  the  accumulator's  selective  clear  switch  is  set  at  SC,),  as  well  as  by 
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the  flip-flop  mentioned  above. 

4.2.4f  Circuit  for  Idnitting  the  1*P  to  Units  Deoade 

A  signal  from  the  normally  negative  output  of  a  tre-naceiver*  s 
flip-flop,  through  a  buffer  and  then  passing  through  the  clear  correct  switch 
and  one  of  the  receive  points  on  the  operation  switch  reaches  gates  EA9  and  ?50 
after  passing  through  the  Inverter  G50»  These  gates,  when  opened>  allow  the 
I’P  to  pass  through  to  units  decade  of  the  accumulator, 

4.2.5.  Repeater  Ring  Common  to  Repeat  Program  Controls 

The  eight  repeat  program  controls  on  an  accurmlator  operate  the 
9  stage  repeater  ring  circuit  in  common,  A  signal  from  the  normally  negative 
output  of  the  flip-flop  of  such  controls  and  then  through  buffer  61  opens 
gate  fi50  so  that  a  CPP  can  roach  the  repeater  ring  to  cycle  it  one  stage  per 
addition  time,  IVhen  the  ring  reaches  stage  t.,  the  output  signal  from  this 
stage,  passing  through  point  r  on  the  repeat  switch,  causes  gate  62  in  the 
transceiver  to  emit  a  signal.  The  signal  from  62  opens  gate  68  which  passes 
a  CPP,  The  resulting  pulse  resets  the  trcnsceiver's  flip-flop  and  passes 
through  the  transiaitter  as  a  program  output  pulse.  The  signal  from  gate  62 
also  opens  gate  K50  so  that  a  CPP  passing  through  it  clears  the  repeater  ring 
back  to  at'?ge  1  at  the  same  time  as  the  transceiver  is  emitting  a  progrtsia 
output  pulse. 

4.3.  JJUMERiaa  CIRCUITS 

4v3.1.  Operation  of  the  numerical  ciretdts  in  transruittlng  a  number  and/oi? 
its  Complement . 

When  an  accumulator  is  stimulated  to  transLiit  its  contents  and/or 

the  complement  of  its  contents,  the  lOP  are  routed  simultaneously  to  each  of 

the  10  decade  ring  counters  of  the  accumulator,  Each  of  the  lOP  cycles  the 

to 

counter  one  stage.  Thus,  if  the  stage  corresponding^?  is  in  the  abnormal 
state  before  any  of  the  lOP  is  received,  after  receiving  one  pulse,  the  stage 


TABU.  A-1 


A  and  S  TRANailSBION 

Accumulator  stores  P  0  OOO  000  OO7  -  Significant  figures  switch  is  set  at  10 


0  000  000  001 


0  000  000  001 


0  000  000  001 


0  000  000  001 


0  000  000  001 


0  000  000  001 


Rl 


1  1  111  m  ni 


P  1  111  111  118 


P  2222222  229 


1 

1  ni  111  uc 

1 

1  111  m  uc 

1 

1  lu  111  11c 

1 

1  in  111  110 

1 

1  ni  in  no 

1 

1  ui  ui  no 

1 

1  in  in  no 

0 

0  000  000  COl 

P  A  444  AAA  AAl^^ 


P  5  555  555  552»^ 


p  7 


P  8  888  888  885* 


P  9  999  999  99 


*  -i** 

P  0  000  000  007 


E15|W¥*I' 


I’P  IS  emitted  over  the 
lead  for  units  decade 
because  s  =  10, 


Program  output  pulse  Is  transmitted  if  repeat  control  is  used.  Receiver  (of  non-repeat  control)  or 

transceiver  (of  non-repeat  control)  is  reset 
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corresponding  to  8  is  in  the  abnormal  statu,  and  stage  7  not.  After  receiving 
10  pulses,  the  stage  corresponding  to  7  is  in  the  abnormf;!  stajta  again  (See 
Table  4-1), 

Meanwhile  the  accumulator  changes  the  9P  into  digit  pulses  in 
the  following- way;  Let  d  be  the  digit  stored  in  a  given  decade  counter 
before  the  reception  of  any  of  the  lOP,  Then  as  the  lOP  are  received,  9-d  of 
the  9P  pass  through  gate  Z2  to  be  emitted  over  a  lead  of  the  subtract  output 
terminal.  That  one  if  the  lOP  which  cycles  the  decade  counter  from  stage  9 
to  zero, ^pisses  through  gate  14  and  sets  the  decade  flip-flop.  With  the 
decade  flip-flop  in  the  abnormal  stote  gate  22  is  closed  and  21  open  so  that 
the  subsequent  d  pulses  of  the  9P  group  are  passed  over  the  corresponding  decade 
place  lead  of  the  add  output  terminal.  The  first  of  the  RP  resets  the  decade 
flip-flop. 

So  far  in  this  discussion  mention  has  been  made  of  transmitting 
through  the  subtract  output  terminal  the  complement  of  a  number  stored  in  an 
accumuLJtor  with  respect  to  9  999  999  999.  Conplements  with  respect  to  10^ 
are  provided  by  the  accumulator's  transmitting  over  the  subtract  output  lead 
corresponding  to  decade  s  from  the  left  (where  s  is  the  number  of  significant 
figures  stored  in  the  accumulator),  the  I'P, 

The  transmission  of  sign  indication  is  accomplished  in  a  somewhat 
different  manner.  The  S  and  A  gates,  l6  and  15  respectively,  of  the  PM  unit 
are  controlled  by  stages  P  and  M  respectively  of  the  PM  counter,  VJhen  a 
positive  number  is  stored  in  an  accumulatcT  which  is  transmitting,  a  positive 
voltage  from  stage  V  holds  gate  16  open  so  th^t  the  9P  are  emitted  over  the 
PL{  lead  of  the  subtract  output  terminalj  no  pulses  are  transmitted  over  the 
PM  lead  of  the  add  output  terminsl  since  gate  15  is  closed.  If  the  sign  of 
the  stored  number  is  M,  gate  16  remains  closed  lind  15  is  opened  so  that  no 
PM  pulses  are  transmitted  through  the  subtract  output  terminal,  while  9  pulses 
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are  transniltted  through  the  add  output  terninal. 

4.3.2.  Operation  of  the  Nunerieal  Circuits  in  Receiving  a  Number 

The  digit  pulsua  received  through  the  11  input  gates  (see  Sec, 

4.2,1.)  are  routed  sinultaneously  to  the  PM  counter  and  the  ton  decade 

counters.  Each  pulse  a  decade  counter  receives  cycles  it  one  stage.  The 

sign 

B(  counter  receives  zero^pulses  for  a  positive  number  and  9  for  a  negative  . 
number.  Each  pulse  received  by  the  PM  counter  cycles  it  one  stage  so  that 
the  reception  of  an  even  number  of  pulses  leaves  the  PM  counter  unchanged 
while  the  reception  of  an  odd  number  of  pulses  has  the  effect  of  cycling 
the  PM  counter  to  the  opposite  stago. 

If  a  given  counter  stores  the  digit  d  before  reception  and  p 
(9-d<p^l0)  digit  pulses  are  recsived,  carry  over  takes  place  from  that 
counter  to  the  next  one  at  the  left  (whether  the  PM  or  a  decade  counter) . 

So  colled  delayed  carry  over  takes  care  of  such  carry-overs  which  result 
from  incoming  digit  pulses.  If  a  given  co\mter,c,  is  in  stoge  9  and  there 
is  a  carry  over  from  the  counter  c-l,  then,  it  is  also  necessary  for  carry 
over  to  take  place  from  counter  c  to  counter  c+1.  Carry  overs  which  result 
from  carry  overs  in  this  way  are  effected  by  a  direct  carry  over  process, 
liVhen  a  given  counter  is  cycled  to  st  .ge  9>  a  signal  from  this 
stage  opens  gate  14  so  that  the  next  pulse  received  by  the  deCs-ide  (whether 
digit  or  carry  pulse)  not  only  cycles  the  counter  b:-ck  to  stage  zero  but 
also  passes  through  gate  14  and  sets  the  decade  flip-flop  (16,  1?),  In 
delayed  carry  over,  the  decade  flip-flop  continues  to  reneiabor  thj.t  a  carry 
over  must  take  place  but  no  further  action  is  taken  while  the  digit  pulses 
(the  9P  the  I'F^are  being  received.  The  signal  from  the  normally  negative 
output  of  the  decade  flip-flop  opens  gate  18  so  thft  the  reset  pulse  is  padsed 
(in  pulse  time  13  of  the  addition  time  cycle).  This  pulse  resets  the  decade 
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flip-flop  and  also  goes  to  gate  20*  Now,  in  receive  programs,  the  receive 
progranming  circuits  allow  the  carry  clear  gate  to  reach  and  open  gate  20,  so 
that  the  pulse  from  gate  18  passes  through  to  the  next  decade  at  the  left. 

The  need  for  direct  carry  over  arises  after  the  first  reset  pulse 
is  emitted  by  the  cycling  unit  (since  it  is  this  reset  pulse  which  gives  rise 
to  the  need  for  direct  carry  over)  so  that  carry  over  resulting  from  carry  over 
must  be  treated  differently.  The  carry  pulse  which  passes  through  gate  1/*,  goes 
to  gate  19.  Since  the  carry  clear  gate  remains  on  for  7  pulse  times,  gate  19 
is  held  open  to  pass  this  pulse  to  the  next  decade  at  the  left.  The  carry 
clear  gate,  as  a  matter  of  fact  remains  on  long  enough  for  a  carry  pulse  to 
proceed  from  units  decade  to  the  counter  of  2  interconnected  accamulators 
(with  a  safety  factor).  Notice,  that  even  in  direct  carry  over,  the  decade 
flip-flop  is  flipped  into  the  abnormal  state.  The  2nd  reset  pulse,  which  is 
emitted  after  the  carry  clear  gate  goes  off,  resets  the  flip-fl^  in  this  case 
(see  PX-9^306) 

A  number  may  be  received  in  an  accumulator  so  that  a  digit  appearing 
in  the  i  decade  of  the  transmitting  unit  is  received  in  the  i  decade  of  the 
receiving  unit  by  connecting  the  digit  output  terminal  of  the  transmitting  unit 
to  some  digit  trunk  by  the  standard  cable  for  that  purpose,  and  then  connecting 
the  same  digit  trunk  to  one  of  the  5  digit  input  terminals  of  the  receiving 
accumulator  by  a  standard  cable.  However,  if  it  is  desired  to  receive  a  number 
transmitted  from  '  decade  i  of  the  transmitting  unit  in  decade  i  +  k  of  the 
receiving  accumulator  (where  k  may  be  either  positive  or  negative),  the  number 
must  be  passed  through  a  shifter  enroute  from  the  transmitting  to  the  receiving 
unit.  It  is  usually  most  convenient  to  plug  ordinary  shifters  into  a  digit 
input  terminal  of  the  receiving  unit,  A  number  may  be  shifted  to  the  left 


TABLE  A-2 

RECEPTION  INVOLVING  DELAYED  CARRY  OVER 
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Accuiniilator  Stores  M  9  832  104  707  Receives  P  0  000  000  004 


I\ilse  Time 


Accumulator  Receives 
PM  10  987  654  321 


Accumulator  Stores 
After  Receiving 

HI  10  987  654  321 


Comment 
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either  by  an  ordinary  shifter  plugged  into  a  digit  input  terminal  or  by  a 
special  shifter  plugged  into  a  digit  output  terminal.  A  number  may  be  shifted 
to  the  ri-^ht  only  through  an  ordinary  shifter  plugged  into  a  digit  input  term¬ 
inal  (see  Sec.  11.2). 

Table  4-2  illustrates  the  way  in  which  an  accumulator  receives  a 
number  and  also  the  delayed  carry  over  process. 

4*3.3.  Static  Communication.  Between  an  Accumulator  and  Another  ENIAC  Unit 

The  high-speed  multiplier  receives  its  arguments  and  the  printer 
data  to  be  printed  in  static  form  from  accumulators.  The  divider  and  square 
rooter  also  receives  Information  about  tho  signs  of  the  arguments  statically. 
The  term  static  is  used  to  distinguish  this  kind  of  connuni cation  between  an 
accumulator  and  another  unit  ft'om  the  usual  dynamic  transmission  in  which  an 
accumulator  transmits  d  pulses  for  the  digit  d  and  0  or  9  pulses  for  sign  P 
or  U  respectively. 

a  unit  which  receives  the  static  outputs  of  an  accumulator  has  an 
array  of  vacuum  tubes  corresponding  to  the  flip-flops  of  the  counters  in  an 
accumulator.  For  to^n^le,  the  ier  selectors  in  the  high-speed  multiplier 
(see  Sec,  5*3)  which  receive  the  multiplier  from  the  multiplier  accumulator 
statically  consist .  of  a  10  by  10  array  of  vacuum  tubes.  Each ‘of  the  tubes 
in  a  column  of  the  array  corresponds  to  one  of  the  flip-flops  in  a  decade 
counter  of  an  accumulator;  each  column  in  the  array,  to  a  decade  counter  in 
an  accumulator.  Two  standard  55  conductor  cables  (carried  in  the  static 
cable  trough  which  runs  along  the  tops  of  the  ENIAC  units)  are  used  to  deliver 
the  static  outputs  of  the  accximulator  which  stores  the  multiplier  to  tho  ier 
selectors.  The  normally  negative  output  of  the  flip-flop  representing  digit  d 

^h'wo  double  triors  in  one  envelope  are  referred  to  here  as  2  tubes. 
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in  decade  counter  c  is  connected  by  one  of  the  leads  in  these  cables  to  the 
corresponding  tube  in  the  ier  selectors.  Thus,  100  of  the  110  leads  are  used. 

An  additional  lead  in  one  of  the  cables  goes  from  the  flip-flop  for  stage  M 
in  the  accumulator's  FM  counter  to  a  tube  in  the  high-speed  multiplier  which 
represents  sign  M  of  the  multiplier.  In  this  way,  when  flip-flop  d  of  counter 
c  is  in  the  abnormal  state  (because  that  counter  stores  the  number  d)  the  tube 
in  row  d  and  column  c  of  the  ier  selectors  is  turned  on.  The  other  tubes  in 
column  c  of  the  ier  selectors  do  not  go  on, 

Similar  connections  are  made  to  tubes  in  the  printer  from  the  counters 
of  accumulators  which  store  data  for  printing  (see  Sec,  9.4)*  In  some  cases  data 
is  printed  from  only  5  decades  and  the  PM  of  an  accumulator  so  that  only  1  cable 
connects  such  an  accumulator  to  corresponding  tubes  in  the  printer.  The  master 
programmer  also  has  decade  counters  which  are  similar  in  some  respects  to  the 
decade  counters  of  an  accumulator  (see  Sec,  10,2,).  These,  too,  can  be  connected  .. 
statically  to  the  printer. 

In  the  case  of  the  divider  and  square  rooter  only  sign  indication 
is  communicated  statically  from  the  accumulators  which  store  the  numerator  (or 
radlcand)  and  denominator. 

The  length  of  time  required  for  the  inform^ition  stored  in  an  accumu¬ 
lator  to  be  communicated  in  static  form  to  another  unit  depends  on  the  length 
of  the  leads  from  the  accumulator  to  the  unit.  Approximately  an  addition  time 
is  required  to  turn  on  the  tubes  in  the  high-speed  multiplier  and  in  the 
divider  and  square  rooter  because  the  accumulators  statically  connected  to 
these  units  are  near  them,  A  somewhat  longer  time  is  required  in  the  case  of 
the  printer. 
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4.4.  USE  OF  ACCUMUUTORS  FOR  FEVER  TH-vN  OR  MORE  THAN  TEN  DIGITS 

4.4.1.  Use  of  an  Accumulator  to  Stor>3  Two  Numbers 

In  some  problems  it  mAy  be  desirable  to  put  emphasis  on  the  number 
of  different  numbers  which  can  be  stored  in  accumulators  so  that  they  will  be 
readily  available  for  computations  rather  than  on  the  number  of  significant 
figures  carried  in  the  computaticn,  Vrtiile  the  accumulator  has  been  designed 
to  handle  10  digit  numbers,  it  is  possible  to  store  in  an  accumulator  two 
numbers  with  the  sa^ne  sign  if  their  combined  number  of  digits  is  10  or  fewer 
or  with  different  signs  if  their  combined  number  of  digits  is  fewer  than  10, 

In  the  first  case  the  PM  counter  is  used  for  the  common  sign.  In  the  second 
case,  one  of  the  decade  counters  is  used  as  a  PM  counter  for  the  purpose  of 
registering  sign  indication  for  one  of  the  numbers  with  stage  0  representing 
sign  P  and  stage  9j  sign  M. 

When  the  numbers  are  transmitted  to  other  units  for  computational 
purposes,  they  can  be  isolated  from  one  another  by  the  use  of  special  deleters, 
adaptors,  and/or  shifters.  It  is  to  be  noted,  however,  that  if  subtractive 
transmission  takes  place  from  an  accumulator  storing  two  numbers,  only  one  of 
the  numbers  will  be  a  correct  tens  complement  since  the  other  will  lack  the  I'P 
needed  to  make  such  a  complement . 

An  example  involving  the  use  of  an  accumulator  to  store  two  different 
numbers  simultaneously  is  given  in  the  illustrative  problem  of  Sec.  8.7. 

4.4.2.  Interconnection  of  Two  Accumulators  to  Form  a  Twenty  Decade  Accumulator 

Another  option  available  to  the  operator  is  whether  an  accvimulator 

is  to  be  used  alone  as  a  10  decade  accvunulator  with  12  program  controls  or  as 
20 

a,^ccade  accumulator  with  controls  for  24  programs.  This  option  results  from 
the  fact  that  certain  of  the  accumulator's  circuits  have  been  left  open  at  the 
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accumulator's  interconnect  or  terminals  (indicated  on  PX-5-30i+  by  the 

symbol— C.) — The  circuits  so  treated  include  the  receive,  transmit, 

clear,  and  pick  up  the  I'P  circuits, and  the  input  to  units  decade  and  the 

carry  over  input  to  the  FU.  counter  from  decade  10,  By  special  connections 

of  the  accumulator' s  inter  connect  or  terminals  (I,.  I  I  and  I  on 

•^1»  ^2*  ^1»  ^2 

PX-5-301),  these  circuits  are  closed  in  one  way  to  make  the  accumulator 
function  as  a  10  decade  accumulator  and  in  a  different  way  to  interconnect 
two  accumulators  so  that  they  form  a  20  decade  accumulator. 

If  a  single  accumulator  is  used  as  a  10  decade  accumulator,  the 
folloydng  interconnections  must  be  made: 

(a)  vertical  interconnect or  cable  must  be  plugged  from 

inter connector  terminal  I^  to  I 

Ll  L2 

(b)  load  box  must  be  placed  at  interconnector  terminal  I_  , 

^^1 


If  two  accumulators  U  and  U'  (where  0  is  assumed  to  be  the  left 
hand  accumulator)  are  to  be  used  as  a  20  decade  accuj;iulator,  the  required 
interconnections  are; 

(a)  vertical  inter connect or  cable  from  I,  to  I 

^1  ^2 

(b)  horizontal  inter  connect  or  cables  from  Ij^  to  I'j^  and 

1  1 


from  L  to  I't 
K2  •L-2 

(c)  load  box  at  I'p 


The  significant  figures  switch  of  the  l(3ft  hand  accumulator  should 
be  set  to  10  and  in  the  right  hand  accumulator  to  s'  where  0  ^  s'  ^10  if 
10  +  s'  significant  figures  sre  desired.  If  fewer  than  10  significant  figures 
are  desired,  the  left  hand  switch  is  set  to  this  number  and  the  right  hand 
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switch  to  10, 

For  a  given  program  only  1  program  control  is  used.  In  reception, 
each  accumulator  receives  its  ten  digits  over  one  of  its  5  digit  input  terminals. 
If  the  standard  jumper  cable  for  interconnecting  accumulators  is  used,  each 
accumulator  receives  its  10  digits  through  the  digit  input  terminal  on  its 
front  panel  bearing  the  same  designation  (a-e)  as  the  setting  of  the  operation 
switch  used  to  program  the  reception.  Each  accumulator  transmits  its  digit 
output  through  its  own  digit  output  terminals.  In  the  transmission  of 
complements  the  1'  pulse  is  emitted  over  the  decade  place  lecd  of  the  last 
significant  figure  being  retained.  The  20  decade  accumulator  clears  to  zero 
in  all  decades  except  possibly  one  where  clearing  is  to  5^  Clearing  is  to 
zero  in  a.11  decades  if  both  s  and  s’  are  10,  In '^receive  -C" programs,  the  1’ 
pulse  is  put  into  the  20th  decade  from  the  left* 

More  than  2  accumulators  should  not  be  interconnected  with  one 
another  as  described  abovd  since  the  carry  clSor  gate  does  not  last  long 
enough  to  provide  safely  for  direct  carry  over  across  more  than  20  decades j 
nor  are  the  prograS^^^2ers  designed  to  operate  more  than  2  accumulators, 

4.5.  ILLUSTRivTIVE  PROBLEMS 

Matters  relevant  to  setting  up  accumulators  for  certain  specific 
purposes  will  be  discussed  in  the  following  pages.  Sec,  4.5 illustrates 
the  set-up  for  a  very  simple  coiaputation  involving  only  accumulators. 

5ec,  4.5.2.  treats  of  the  use  of  dummy  programs,  and  Sec,  4.5.3.  deals  with 
the  use  of  accumulators  for  magnitude  discrimination  programs.  Examples  of 
the  use  of  accumul£'.tors  in  conjunction  with  other  ENIkC  units  are  found  at 
the  end  of  Chapters  VI  -  IX. 

The  examples  will  be  described  with  the  aid  of  set-up  tables  and 
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8et-\ip  diagrams.  The  set-up  table  is  designed  to  give  a  comprehensive  plan 
of  the  computation  showing  the  programs  the  units  will  perform  and  their 
numerical  contents  at  various  addition  times  in  the  computation.  The  set¬ 
up  diagrams  show  the  cable  connections  which  must  be  made  between  the  units 
and  program  or  digit  trays  to  carry  out  the  computations  and  also  indicate 
the  settings  of  uswitches  which  are  parts  of  the  common  progrsmming  circuits, 

,  The  set-up  tables  are  given  with  addition  times  as  the  independent 

variable,  A  double  column  is  devoted  to  each  unit.  In  the  left  hand  half  the 
program  is  dSFcribed}  in  the  right  hand  half,  the  contents  of  the  unit  as  a 
result  of  the  program  are  shown.  For  accumulator  programs,  symbols  appear  on 
three  levels,  e.g. 

1-8  ® 
ii  c  1  of;  0  0  1 

1-9  1-10  1-11 

The  symbols  have  the  following  interpretations: 

(1)  at  the  upper  right  of  the  first  level  indicates  that  the 
program  is  set-up  on  program  control  i 

(2)  ^-k  designa-tes  a  program  pulse  with  j  representing  the  tray  and 
k  the  line  in  the  tray  on  which  the  progrom  pulse  is  carried, 

program  input  pulse  which  occurs,  say,  at  pulse  tir.re  17  (CPP 
time)  of  addition  time  0,  is  written  at  the  left  on  the  first 
level  of  the  addition  tim<?  I  Unn*  program  input  pulse  which 
is  derived  from  a  digit  pulse  so  that  it  occurs,  not  at  CPP  time, 
but  at  some  other  tine  in  the  addition  time  cycle,  let  us  say 
pulse  time  5  of  addition  time  1,  is  written  at  the  left  of  the 
third  level  on  the  line  corresponding  to  addition  tine  1,  A 
program  output  pulse  is  always  written  at  the  right  of  level 
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three.  An  arrow  ending  on  the  addition  time  line  in  which 
the  program  is  completed  and  program  output  pulse  is  trans¬ 
mitted  intervenes  between  level  2  nnd  level  3  for  progrruns 
lasting  more  than  one  addition  time.  In  such  cases,  the 
progr/vn.  output  pulso  is  written  at  the  right  of  the  arrow 
tip  on  the  line  for  the  addition  time  at  the  end  of  which 
tho  program  la  completed  and  the  program  output  pulse  is 
transmitted. 

(3)  The  symbols  in  the  second  level  represent  the  settings  of 
the  opei^i'tion,  clear-cori'act,  and  repeat  switches  reading 
from  left  to  right. 

Thus,  the  illustrative  group  of  symbols  above  at  the  left,  has 
the  following  raeaning:  A  program  pulse  (derived  from  a  CPP)  which  is  picked 
up  from  line  8  in  program  tray  1  stimulates  program  control  5  to  cause  the 
accumulator  to  transmit  additively  one  time  and  then  to  clear.  Upon  completion 
of  the  program,  a  program  output  pulse  is  emitted  to  line  9  in  program  tray  1. 

On  some  occasions,  as  noted  above,  digit  pulses  will  be  used  in  lieu 
of  program  pulses.  A  program  in  which  such  e  digit  pulse  is  generated  might 
be  written  as  in  the  sait^le  below, 

2-3  (D 


This  group  of  symbols  describes  the  following  program:  The  program  pulse 
delivered  to  the  program  input  terminal  of  control  8  causes  the  accumulator 
to  transmit  additively  once  without  clearing.  The  digit  pulses  carried  on 
the  add  output  lead  for  decade  place  3  are  delivered  to  line  5  of  program  tray  1, 


:M3)  to] 

2-4 
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The  program  output  pulse  from  control  8  is  carried  on  line  U  of  program  tray  2, 
The  symbol  in  the  contents  column  is  used  to  indicate  that 

an  accumul  dor  is  cleared.  It  is  always  written  on  the  line  corresponding  to 
the  addition  time  at  the  end  of  which  clearing  takes  place. 

The  conventions  on  the  set-up  figures  for  accxunulators  are  described 
in  Figure  Z+-1, 

4,5,1*  Computation  in  Accumulators 

The  computation  described  here  consists  of  generating  n,  n^,  iind  n^ 
respectively  in  accumulators  6,  7j  8,  It  is  desired  to  terminate  the 
computation  when  n^  =  9  000  000  000, 

The  basic  coaputr-tion  which  is  repeated  until  the  limit  specified  on 
n3  is  reached  is  arrived  at  inductively,  Assuming  that  n,  rP-,  and  vP  are  stored 
in  accumulators  6,  7#  '^nd  8  respectively  we  can  proceed  to  (n+l)3  and  (n+l)2 
by  adding  3n,  and  then  1  to  vP  and  by  adding  2n  and  then  1  to  n^  (see 
Table  4-3). 

To  terminate  the  computation  at  the  desired  point  we  make  use  of  the 
fact  that  the  complement  of  9  in  a  decade  place  other  than  that  of  the  extreme 
right  hand  significant  figure  is  zero.  Now,  we  stimulate  repetition  of  the 
computing  cycle  each  time  by  the  program  output  pulse  of  a  dummy  program  con¬ 
trol  whose  program  input  pulse  is  derived  from  the  digit  pulse  or  pulses  on 
the  subtract  output  lead  for  decade  10  of  accumulator  8.  As  long  as  the  digit 
in  the  10th  decade  is  different  frora  9,  this  control  receives  and  therefore, 
transmits  a  program  output  pulse  which  stimulates  the  iteration,  irtlhen  9  appears 
in  the  10th  decade,  this  dunny  prograja  control  receives  ;md,  therefore,  emits 
no  program  output  pulse  so  that  the  computation  is  terminated, 


The  question  as  to  why  the  S  digit  output  of  the  10th  decade  is 
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delivered  to  a  program  control  which  does  nothing  but  transmit  a  progrem 
output  pulse  instead  of  being  delivered  to  one  of  the  controls  used  for  com¬ 
puting  may  be  raised  at  this  point.  The  answer  lies  in  the  fact  that  the 
digit  pulses  do  not  begin  to  pou^!’  out  of  the  S  output  terminal  until  pulse 
tine  1  in  the  addition  time  cycle.  This  would  moan  that  a  computing  program 
initiated  by  a  digit  pulse  would  staid;  after  at  least  one  of  the  lOP  auid  one 
of  the  9P  had  been  emitted  by  the  cycling  unit.  Sinco  these  pulses  play  a 
vital  role  in  computing  programs,  such  prograias  must  be  in?-tiated  before  the 
digit  pulses  are  emitted.  For  this  reason  digit  pulses  may  be  used  to  initiate 
computing  programs  only  under  certain  restricted  conditions.  Instead  digit 
pulses  should  bo  converted  into  a  true  program  pulse  through  the  use  of  a 
dummy  progriim  (see  Sec.  /+.5.2.)  Jind  the  computing  program  can  then  be  initiated 
by  tho  program  pulse  which  results  from  the  dummy  program, 

/t.5.2.  Dummy  Prograins 

a  dummy  program  is  defined  as  one  in  which  the  operation  and  clear- 
correct  switches  are  set  at  0  and  the  repeat  switch  at  r  where  l^r  A9.  Dummy 
programs  are  always  set-up  on  repeat  program  controls.  The  dummy  program  has 
at  least  3  important  functions:  1)  conversion  of  digit  pulses  into  program 
pulses,  2)  delay  of  a  progr?jri  pulse,  and  3)  isolation  of  programs  from  one 
another. 

The  discussion  in  Sec.  4.5.1t  regarding  use  l)  may  be  Bumeu'^rized  as 
follows:  To  ensure  that  units  receive  all  of  the  pulses  needed  for  arithmetic 
operations,  computational  programs  must  usually  be  initiated  by  program  pulses 
occuring  at  the  time  of  the  CPP.  Where  the  stimulation  of  subsequent  programs 
depends  on  digit  pulses,  the  digit  pulses  should  be  converted  into  a  program 
pulse  by  being  brought  to  a  dunciy  program  control.  The  program  output  pulse 
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from  the  dummy  program  control  can  then  be  used  to  stimulate  computing  programs. 

The  need  for  the  second  contribution  (delay)  of  dummy  programs  becomes 
apparent  in  setting  up  a  fairly  complicated  problem  in  which  a  number  of  programs 
are  carried  out  in  parallel.  As  an  example  of  this  need,  the  reader  is  referred 
to  the  illustrative  problem  of  Sec.  8,7. 

Suppose  that  at  some  point  in  a  computation  one  program  pulse  is 
available  to  stimulate  a  multiplier  program  control  and  also  to  stimulate  the 
transmission  of  the  arguments  for  the  multiplication  program.  Let  us  suppose 
further  that  the  same  multiplier  program  control  is  to  be  stimulated  at  some 
later  time  but  that  the  arguments  for  the  multiplication  program,  this  time, 
are  to  be  obtained  in  a  different  way.  Obviously,  the  program  pijd-se  that  stimu¬ 
lates  transmission  of  the  arguments  must  be  isolated  from  the  pulse  that  stimulates 
the  multiplier  program  control  for,  otherwise,  the  units  which  transmit  the 
arguments  for  the  first  multiplication  cannot  be  suppressed  from  transmitting 
when  the  second  multiplication  program  takes  place. 

The  desired  isolation  can  be  provided  for  through  the  use  of  dummy 
programs  in  the  manner  suggested  in  Figure  4“3»  The  lines  which  carry  program 
pulses  have  been  labelled  with  program  tray  and  line  numbers  for  illustrative 
purposes. 

4.5.3*  Magnitude  Discrimination  Programs 

As  mentioned  in  the  opening  paragraphs  of  this  chapter,  the  FNIAC 
is  capable  of  discriminating  between  program  sequences  by  examining  the 
magnitude  of  some  numerical  result.  In  this  section  one  possible  method  of 
carrying  out  such  a  magnitude  discrimination  program  in  an  accumulator  is 
discussed. 

Let  us  assume  that  the  critical  quantity  upon  whose  magnitude  the 
choice  of  subsequent  programs  depends  is  so  that  when  x  ^  b,  program  is 


I 
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to  be  Btimulated  and  that  when  x  ^  b,  program  Pg  is  to  be  stimulated.  The 
magnitude  discrimination  program  is  possible  because  9  digit  pulses  are  trans¬ 
mitted  for  sign  indication  M  and  none  for  sign  indication  P, 

Let  us  form  the  quantity  x-b  in  some  accumulator.  Then,  using  a 
special  adapter,  connect  the  lead  of  the  A  output  terminal  of  this  accumu¬ 
lator  to  the  program  pulse  input  terminal  of  one  dununy  program  control  and  the 
FM  lead  of  the  S  output  terminal  to  the  program  pulse  input  terminal  of  a  second 
duramy  program  control  as  indicated  on  the  schematic  diagram  of  Figure  4-4 • 

Obviously  when  x<.b,  a  positive  number  is  emitted  over  the  S  terminal 
and  a  negative  over  the  a  terminal  so  that  only  duimny  program  control  1  is 
stimulated  to  emit  a  program  pulse.  Similarly,  when  x  ^  b,  the  number  emitted 
over  the  A  terminal  is  positive  and  that  over  the  S  terminal,  negative  so  that 
only  dummy  program  control  2  is  stimulated  to  emit  a  program  pulse. 

Even  though  both  the  nximber  zero  and  its  con^jlement  are  represented 
in  the  ENIAC  by  P  0  000  000  000,  the  case  x*b  (orx-b“0)  can  still  be 
treated  in  the  same  way  as  x  ^  b  (or  x-b  >0),  For  recall,  when  a  positive 
number  is  transmitted  from  an  accumulator,  the  a  output  gate  of  the  PM  counter 
remains  closed  and  the  S  gate  opens  to  allow  the  9P  to  pass  to  the  PM  lead  of 
the  S  output  torminal,*  These  9P  received  at  the  program  pulse  input  terminal 
of  dummy  program  control  2  cause  the  emission  of  a  program  output  pulse  to 
stimulate  P^. 


*Notice  that  when  an  accumulator  which  stores  zero  transmits  subtractively  to  a 
second  accumulator,  this  second  accumulator  receives,  at  first,  M  9  999  999  999. 
Later,  in  the  pulse  time  of  the  1*P,  the  transmitting  accumulator  emits  this 
pulse  so  that  the  receiving  accumulator  then  stores  P  0  000  000  000  after 
direct  carry  over  proceeding  from  units  decade  to  the  PM  counter  has  taken 
place. 
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In  a  problem  in  which  aeciimulators  are  not  urgently  needed  for 
storage  or  con^utational  purposes,  this  set-up  of  a  magnitude  discrimination 
program  is  satisfactory.  However,  in  general,  this  method  has  the  disadvantage 
that  no  numerical  programs  other  than  one  magnitude  discrimination  program  can 
bo  carried  out  in  an  accumulator  so  set  up,  since  both  digit  output  terminals 
of  the  accumulator  are  completely  associated  with  the  magnitude  discrimination 
program.  The  same  magnitude  discrimination  dan  be  effected  without  completely 
tying  up  either  digit  output  terminal  of  an  accumulator  if  the  master  programmer 
is  used,  a  magnitude  discrimination  program  involving  the  master  program  is 
described  in  Sec.  10.6.2,  of  the  master  programmer  chapter. 
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V  HIGH-SPEED  MULTIPLIER 

The  high-speed  multiplier  finds  the  product  of  a  oijjned  mu.ltiplic£:in'l 
with  as  many  as  10  digits  by  a  signed  multiplier  of  p  digits  (p  i%10)  in  p+4 
addition  times.  This  high-speed  is  possible  because  products  are  obtained 
through  the  use  of  a  multiplication  table  rather  than  by  repeated  addition. 

Not  only  does  the  high-speed  multiplier  find  products,  but  it  also 
has  facilities  for  controlling  certain  programming  features  in  accumulators 
associated  with  it:  l)  It  can  instruct' the  argument  accumulators  to  receive 
and  clear  or  not  clear  at  the  end  of  the  multiplication}  2)  It  can  signal 
the  final  product  accumulator  to  dispose  of  the  product}  3)  It  delivers  to 
associated  accumulators  programming  signals  used  in  the  multiplication  process. 

The  following  topics  will  bo  discussed  in  this  chapter:  Sec,  5.1* 

program  controls}  Sec,  5.2,  common  programming  circuits;  Sec.  5.3*  numerical 

circuits;  Sec,  5,4.,  Interrelation  of  high-speed  multiplier  and  associated 

accumxilators;  Sec.  5.5*  illustrative  problem  set-ups.  Reference  will  be  made 

to  the  following  diagrams; 

Front  View  PX-6-309 

Front  Panels  PX-6-302,  303,  and  304 

Block  Diagram  PX-6-308 

Interconnection  of 
High-Speed  Multi¬ 
plier  with  Associ¬ 
ated  Accumulators  PX-6-311 

5.0.  GENER/iL  SUSfi'ii^Y 

The  high-speed  multiplier  operates  in  conjunction  with  4  or, 
possibly,  6  accumulators.  Two  accumulators,  the  ier  (multiplier)  and  icand 
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(multiplicand)  accumulators,  store  the  arguments.  The  accumulators  used  for 
this  purpose  have  the  static  outputs  of  their  counters  connected  to  the 
multiplier.  Also,  the  PM-clear  unit  is  statically  connected  to  the  multiplier 
so  that  these  accumulators  can  be  cleared  by  a  signal  from  the  multiplier  at 
the  end  of  a  multiplication  program  and  so  that  the  high-speed  multiplier  may 
take  proper  cognizance  of  the  signs.  If  products  having  8  or  fewer  significant 
figures  are  required,  two  accumulators  are  used  for  storing  the  products  which 
the  multiplier  emits  in  pulse  form  through  the  digit  output  terminals  on 
panel  3,  These  accumulators  are  referred  to  as  the  LHPP  (left  hand  partial 
products)  and  RHPP  (right  hand  partial  products)  accumulators,  V/here  products 
of  more  than  8  significant  figures  arc  desired,  a  pair  of  interconnected  accumu¬ 
lators  may  be  used  as  the  LHPP  accumulator  and  another  pair  as  the  RHPP  accumu¬ 
lator,  The  role  of  the  LHPP  and  RHPP  accumulators  will  be  discussed  in  greater 
detail  below.  Either  the  LHPP  or  RHPP  accumxilator  may  be  used  as  the  final 
product  (FP)  accumulator. 

The  high-speed  multiplier  has  2A  program  controls  (8  on  each  of  its 
3  panels)  on  which  can  be  set  up  2U  essentially  different  multiplication  pro¬ 
grams.  In  a  problem  in  which  there  are  more  than  24  basic  multiplications, 
each  multiplier  control  can  be  used  on  a  number  of  different  occasions  with 
the  aid  of  the  master  programmer  or  sequences  of  dummy  programs. 

Each  program  control  consists  of  a  transceiver  with  program  pulse 
input  and  output  terminals,  multiplier  and  multiplicand  accumulator  receive 
switches,  multiplier  and  multiplicand  acciimulator  clear  switches,  a  significant 
figures  switch,  a  multiplier  places  switch,  and  a  product  disposal  switch.  The 
argument  accumulator  receive  switches  enable  the  operator  to  specify  the  digit 
input  terminals  through  which  the  ier  and  icand  accumulators  shall  receive  their 
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argUT-i&nts  for  a  given  pro  gran.  The  significant  figures  switch  setting 
determines  into  which  decode  place  of  the  LHPP  five  round  off  pulses  ;.re  trans- 
mitt  ed  for  a  given  progrrm.  The  setting  of  the  places  switch  determines  how 
many  of  the  raultiplier' s  digits  are  used  for  the  program  and,  therefore,  how 
long  the  multiplication  taJees  (see  below  and  Sec.  5.2,),  Instructions  for  the 
transmission  of  the  product  from  the  final  product  cccunula.tor  can  be  set  up 
on  the  answer  disposal  svjitch. 

The  24  program  controls  oporv^.te  the  common  prograjxiing  circuits 
which  include  «  14  stage  program  ring;  with  associated  gates,  invertors  and 
buffers,  the  ier  accumulator  end  ic  nd  a.ccumul'tor  receive  circuits  with 
program  pulse  output  terminals  Ra-Re  and  Da-De  on  front  panel  1,  argument 
accumulator  clear  circuits,  th-  product  disposal  circuit  with  prograja  pulse 
output  terminals  S,  ASC  on  front  pr'nol  3,  ^ud  the  orgu:ient  accuinulctor 

clear  circuits. 

The  progrf'ia  ring:  ^iith  its  issociated  tubes  clocks  the  progress  of 
multiplication  progrims.  Gates  id 47  ^'•ud  ..*46  which  admit  the  I'P  and  4P 
the  round  off  gi.tes.  Gates  B'-K'46  oper.te  in  conjunction  with  the  places 
switch  to  terminate  the  progrem  when  the  specified  number  of  places  of  the 
ier  have  been  used  and,  in  conjunction  with  gate  F'48,  to  clear  the  ring;  to 
stage  I3  at  this  tine.  The  prog'ram  ring,  ultimately,  also  controls  a  circuit 
for  correcting  products  if  either  or  both  of  the  cirg'iiuients  are  negative  (see 
discussion  below),  the  1  and  r  receiver  circuits  which  emit  static  sig;nals 
to  prog;r;'.n  the  o-’ rtial  products  accumulators  to  receive,  the  circuit  which 
emits  the  F  pulse  to  stimulate  the  collection  of  the  partial  products  in  the 
final  product  accumulator,  and  the  reset  circuits  for  the  program  controls. 
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The  outputs  of  stages  3  through  12,  by  means  of  the  buffer  tubes 
42,  control  the  high-speed  multiplier's  numerical  circuits  so  that 
multiplication  by  each  digit  of  the  ier  takes  place  successively. 

The  numerical  circuits  consist  of  the  multiplier  selector  gates, 
the  multiplication  table,  the  coding  gates  which  pass  the  1,  2,  2',  and  4P» 
the  multiplicand  selector  gates  and  the  shifters.  The  multiplication  table 
stores  the  products  of  numbers  between  1  and  9  by  numbers  between  0  and  9 
by  means  of  a  resistance  matrix.  The  table  actucily  consists  of  2  tables, 
the  tens  and  units  tables,  used  for  storing  the  tens  and  units  digits  of 
these  products  respectively.  For  example,  the  multiplication  table  remembers 
the  product  of  4  x  9  by  storing  3  in  the  tens  table  and  6  in  the  units  table. 

The  ier  selector  tubes  arc  set  up  by  the  static  outputs  of  the 
ier  accumulator  counters.  Each  column  in  this  array  of  tubes  is  dedicated 
to  1  decade  place  of  the  ierj  each  row,  to  one  of  the  digits  between  0  and  9. 
When  the  program  ring  signals  for  multiplication  by  the  ier  digit  in  a  partic¬ 
ular  decade  place,  the  activated  ier  selector  gate  for  that  decade  place  emits 
a  signal  to  the  multiplication  tables. 

Static  signals  for  the  products  of  all  digits  between  1  and  9  by 
the  particular  ier  digit  are  emitted  from  the  raxiltipli cation  table  and  converted 
into  pulse  form  at  the  coding  gates.  The  products  from  the  tens  and  units 
tables  respectively  then  go  to  the  left  and  right  hand  sets  of  multiplicand 
selector  gates.  These  gates  are  set  up  by  the  static  outputs  of  the  icand 
accumulator  so  that  only  the  products  appropriate  to  the  digits  of  the  icand 
are  allowed  to  pass, 

I 

These  partial  products  then  go  to  the  loft  and  right  hand  ahiftors. 
Each  set  of  shifters  consists  of  a  10  by  10  array  of  gates.  The  gates  on  each 
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row  are  controlled  by  one  stage  of  the  program  ring  and  the  outputs  of  the 
gates  arc  connected  diagonally  so  that  products  are  shifted  successively  one 
place  to  the  right  as  multiplication  by  the  ier  digits  progresses  from  left 
to  right, The  products  are  emitted  from  the  4  digit  output  terminals  on  panel 
3  of  the  high-speed  multiplier  with  those  from  the  tens  table  being  omitted 
by  the  terminals  LH  partial  products  accumulators  I  and  II  and  those  from  the 
units  table,  by  the  terminals  RH  product  accumulators  I  and  II.  The  terminals 
identified  by  II  and  I  respectively  take  care  of  the  digits  for  decade  places 
10°  -  109  and  10^°  -  10^9^ 

Notice,  that  the  high-speed  multiplier  transmits  only  the  digits  of 
the  product  but  not  the  sign.  For  positive  arguments,  this  results  immediately 
in  the  correct  signed  product.  If  either  or  both  of  the  arguments  are  negative, 
certain  correction  terms  are  needed  to  produce  the  correct  signed  products. 

From  Table  5-1  in  which  the  correction  terms  for  the  various  cases  are  tabulated, 
it  can  be  seen  that  whenever  an  argument  is  negative,  the  product  obtained  from 
the  multiplication  tables  must  be  corrected  by  10^°  times  the  complement  of 
the  other  argument.  In  the  case  where  both  arguments  are  negative,  moreover, 
the  sign  of  the  product  must  be  corrected.  The  progrnmming  circuits  (see 
Sec,  5,2,)  provide  for  the  last  correction  by  causing  the  I'P  to  be  transmitted 
over  the  PM  lead  of  the  digit  output  terminal  RH  product  accumulator  I,  The 
programming  circuits  provide  for  the  other  corrections  by  causing  the  emission 
of  program  output  pulses  at  the  RS  and/or  DS  output  terminals.  The  operator 
must  interconnect  the  multiplier  with  its  associated  accumulators  so  that 
these  pulses  stimulate  the  corrections  to  take  place  (see  PX-6-311  and  Sec, 

5.4.), 


TABLE  5-1 


CORRECTION  TERliS  FOR  NEG.vTIVE  lER  «N*D/OR  ICiilJD. 

R  and  D  represent  the  absolute  values  of  the  ier  and  icand  respectively. 


Case  1 

Ier  p">sitive  j 

Icand  negative  ‘ 

Case  2 

Ier  negative 

Icand  positive 

^  - 

Case  3 

Ier  and  Icond  both 
negative 

ier 

P  +  (R)  * 

li  +  (10^°  -  R)  * 

+  (10^  -  R) 

icand 

11  +  (lolC  _  D) 

P  +  (D) 

M  +  (10^*^  -  D) 

Product  obtained  froni 
multiplication  tables 

P  +  (10^^  R  -  RD) 

P  +  (10^°  D  -  RD) 

P+IO^^  +  (RD  -  lO^pR  «.10^0d) 

=  M  +  (RD  -  10^°R  -10^°D) 

Conceuiv^n  tern  needed 

M  +  10^^  (10^°  -fi) 

U  +  10^°  (10^®  «  D) 

iv:  +  [p  +.  10^*^(R)]  +[p+  io^®(d3 

Correct  signed  product 

M  +  (10  -  RD) 

li  +  (10^°  -  RD) 

P  +  (RD) 
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To  summarize  tha  discussion  of  the  previous  pages,  nultipii cation 
of  a  10  or  fewer  digit  icand  by  a  p  digit  ier  required  p  U  addition  times. 
These  addition  times  are  used  for  the  following  purposes; 

1,  reception  of  a' gun.snto 

2.  setting  up  of  tclortor  tubes  arid  round  off  in  LHPP  accumulator 

3A 

.  \  obtaining  .iho  p^.rt.ial  products  (ica.nd)x  (l  digit  of  the  ier) 

.  V  successively  for  rh.:-  p  digits  of  i  ho  ier 

3  p+2.y 

p+3,  correcting  products  in  case  either  one  or  both  of  the  arguments 
are  negati/e 

p+4.  collecting  the  partial  products  so  as  to  form  the  final  product 
and  clearing  of  the  argument  accumulators. 

Tables  5-2  and  5-3  offer  examples  illustrating  the  operation  of  the  high-speed 
multiplier.  Although  either  the  LHPP  or  RHPP  accumulator  can  be  used  for  form¬ 
ing  the  final  product,  we  assume  here,  as  in  PX-6-311,  that  the  RHPP  accumulator 
is  used  for  this  purpose. 

5.1.  PROGRAM  CONTROLS 

Each  of  the  high-speed  multiplier's  ZU  prograra  controls  consists 
of  a  transceiver  with  program  pulse  input  and  output  terminals,  argument 
accumulator  receive  switches  and  clear  switches,  a  significaiit  figures  switch, 
a  places  switch,  and  a  product  disposal  switch.  Neons  correlated  with  the 
transceivers  are  shown  on  PX-6-309, 

5.1.1,  The  Multiplier  and  Multiplicand  Accumulator  Receive  Switches 

Each  of  the  eirgument  accumulator  receive  switches  has  the  positions 
oif  Vf  S,  e,  and  0,  Associated  with  the  points  a-e  on  the  switch  for  the  ier 
accumulators  are  the  program  pulse  output  terminals  Ra-Re  and,  for  the  icand 
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IIULTIPLIC^.TION  OF  M  8  198  630  400  by  P  2  800  000  000 

Description  of  Progrom;  I,iu.''i.'''iply  Icand  by  2  plJices  of  the  ier 

Rujnd  answer  off  to  8  plncis 

Cl0=i'»’  io"  "ir.d  icend  o-ccunultitors  after  multiplication 
Transmit  piv^dact  from  finai  product  accurnulator 


Add, 

Time 

Ier  accuiToJ-ator 
stores 

Fd  10  987  654  321 

"ieond  ;:ccuT.'-\lator 
stores 

Fd  10  987  654  321 

LHPP  .iccunul 
Receives 

Rd  10  987  654  321 

ator  (i;  1  RHP?  ajid  FF  ..cci 

Stores  after  |  Receives  j 

receiving  1 

RI  10  987  654  321  !  E.I  10  987  654  32lj 

L  . 

araulator  (I)  j 

Stores  after 
receiving 

Fd  1C  987  654  321 

1 

P  2  800  OCO  000 

M  8  198  630  400 

LI  8  198  630  400 

r  , 

2 

' 

0  0  000  000  050 

?  0  000  000  050 

i  ' 

1  ^ 

— 

1  oil  100  oa) 

P  U.0011  100  050 

0  628  626  C80 

P  0  628  626  080 

i 

i  '* 

0  60?  642  030 

P  1  618  742  C8C 

0  048  2!,S  402 

P  0  676  874  482 

i 

1 

i  5 

t 

_ 

_ 

M  7  200  OCO  000 

M  8  818  742  080 

6 

1 

Program  output 

pulse  and  product 

disposal  signal  are 

K  8  818  742  080 

emitted. 

M  9  495  616  562 

' 

i 

i 

■  7 

1 

le 

Product  is  transmitted  froa  product  accumulator,  | 

i* 

^  «  .  — - - - I  .  — -  . .  . .Jh 
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Multiplication  of  M  8  198  630  400  by  U  2  800  000  000 
Description  of  Program;  Multiply  icand  by  3  pi ices  of  ier 

Do  not  round  answer  off 

Clear  ier  and  icand  accumulators 

Retain  product  in  final  product  accumulator 


Add. 

Time 

Ier  accumulator  | 
stores 

a:  10  9B7  654  321 

Icand  accumulator 
stores 

10  987  654  321 

LHPP  «^ccumulfitor  (I) 
Receives  Stores  after 

j  receiving 

m  10  987  654  321  !  PIJ  10  987  654  321 

accumulator  (I) 

Stores  after 
receiving 

Ri  10  987  654  321 

1 

tf  2  8C0  000  (K)0 

M  8  198  630  400 

" 

1 

' 

2 

. 

-  -  1 

_ 

■■ 

!  1  on  100  000 

0  628  626  080 

P  0  628  626  080 

■■ 

— 

0  607  642  030 

P  1  618  742  030 

0  048  248  402 

P  0  676  874  482 

5 

0  000  000  CJO 

P  1  618  742  030 

0  000  000  000 
1»  .?  0  000  000  000 

P  0  676  874  482 

M  0  676  874  482 

6 

P  7  200  000  000 

P  8  818  742  030 

P  1  801  369  600 

i:  2  478  244  082 

7 

Program  c 

)utput  pulse  is  transmitted 

P  8  818  742  Q30 

P  1  296  986  U2 

< 

>o 
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accunulator,  Da-De.  If  one  of  these  switches  is  set  at  a  receive  point,  a 
program  pulse  received  on  a  program  input  terminal  is  retronijisiitted  tl'-rcu^h 
the  corresponding  terminal  Ba-Re  or  Da-Da  when  the  program  control  of  which 
the  switch  is  a  part  is  stimulated.  The  operator  sets  up  program,  controls 
on  argument  accumulators  so  that  a  pulse  transmitted  in  this  way  will  cause 
reception  to  take  place  as  specified  (see  PX-6-311  fnd  Sec,  5.4. )• 

The  argument  accumulator  receive  switches  have  been  provided  in  order 
to  simplify  the  programming  of  multiplications.  Once  the  connections  between 
some  or  all  of  the  terminals  Ra-Re,  Da-Dc  and  the  argument  accumulators  az^e 
made  and  switches  have  been  set  up  accordingly  on  the  argument  accumulators, 
the  operator  does  not  need  to  provide  the  argument  accumulators  with  a 
separate  program  pulse  to  stir-iulate  them  to  receive  whenever  a  multiplication 
is  to  take  place.  The  one  program  pulse  which  stimulates  the  performance  of 
the  multiplication  also  stimulates  the  receptioh  of  the  arguments  provided  that 
they  can  both  be  received  during  the  first  addition  time  of  the  multiplication,* 
If  an  argument  accumulator  receive  switch  is  set  at  0,  no  pulse 
to  stimulate  reception  of  the  corresponding  argument  is  transmitted.  The 
setting  0  is  used  for  multiplication  programs  in  which  the  argument  is  held 
over  from  the  previous  program  (see  Sec,  5.1,2,)  or  in  programs  in  which  it 
is  desirable  to  stimulate  the  argument  accumulator  independently  to  receive 
its  argument. 

*If, 'for  example,  both  the  ior  and  icand  are  received  directly  from  the  constant' 
transmitter,  the  argument  accumulators  cannot  both  receive  their  arguments  in 
the  same  addition  time  because  the  constant  transmitter  transmits  but  one 
number  in  an  addition  time. 
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5.1.2.  Multiplier  a-nd  Multiplicand  Accumulctor  Clear  Switches 

Clear  circuits  in  the  high-speed  multiplier  are  connected  to  the 
PM-clear  units  of  the  ier  and  icand  accumulators.  If  an  argument  accumulator 
clear  switch  is  set  at  C,  the  high-speed  multiplier's  clear  circuits  emit  a 
clear  signal  towards  the  end  of  addition  time  p+4  which  causes  the  correspond¬ 
ing  argument  accumulator  to  clear.  In  programs  for  which  a  clear  switch  is 
set  at  0,  no  clear  signal  is  transmitted  to  the  corresponding  accumulator, 

5.1.3.  The  SifThif leant  Figures  Switch 

The  setting  of  the  significant  figures  switch  determines  to  which 
decade  place  of  the  LHPP  accumulator  5  pulses  for  round  off  are  trananitted. 

If  this  switch  is  set  at  2<b^9i  the  five  round  off  pulses  are  sent  to  decade 

10-s  of  LHPP  accumulator  I.  For  s=10,  the  round  off  pulses  are  sent  to  decade 

* 

10  of  LHPP  accumulator  II,  No  round  off  pulses  are  emitted  in  a  program  for 
which  the  significant  figures  switch  is  set  at  "off". 

The  significant  figures  switch  provides  greater  flexibility  in  the 
round  off  options  for  the  2U  programs  than  would  be  possible  if  the  only  round 
off  control  available  were  the  significant  figures  switch  on  the  final  product 
accumulator.  If,  however,  the  round  off  requirements  on  all  multiplication 
programs  are  the  same,  the  significant  figures  switches  of  the  multiplier 
program  controls  can  be  set  at  off  and  the  significant  figures  switch  on  the 
final  product  accumulator  can  be  set  appropriately. 

Notice  that  the  setting  of  the  significant  figures  switch  of  a 
multiplier  program  control  does  not  cause  the  final  product  accumulator  to 
emit  the  I'P  (needed  for  a  complement  with  respect  to  10^^)  when  the  product 
is  disposed  of  subtractively,  ^Vhether  or  not  this  pulse  is  put  in,  and  the 

*Unless  2  pairs  of  interconnected  accumulators  are  used  to  receive  the  partial 
products,  the  round  off  pulses  emitted  for  s=10  are  lost. 
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decade  in  which  it  is  put,  depend  on  the  setting  of  the  significant  figures 
switch  on  the  final  product  accunulator  (see  Sec,  4»1«4*)«  If  ^  product 
is  disposed  of  subtractivcly  in  such  a  way  that  the  I'P  is  not  transmitted 
by  the  final  product  accumulator,  the  I'P  can  be  put  in  at  the  receiving 
accumulator  (see  Sec.  4,1.2,), 

5.1.4.  Places  Switches 

If  the  places  switch  of  a  program  control  is  set  at  p  (where  2 
2  ^  PS  10),  the  high-speed  multiplier  multiplies  the  entire  icand  by  the  p 
left  hand  digits  of  the  ier  whenever  this  program  control  is  used.  Such  a 
program  lasts  p+4  addition  times  and  a  program  output  pulse  is  emitted  by  the 
transceiver  p+4  addition  times  after  the  reception  of  the  program  input  pulse, 

5.1.5,  Product  Disposal  Switch 

The  points  n.,  AS,  aSC  on  the  product  disposal  switch  together 

with  the  program  piilse  output  terminals  A,  S,  ,,,,  ASC  at  the  left  of  panel  3 
of  the  high-speed  multiplier  make  it  possible  for  this  unit  to  direct  the 
transmission  of  the  product  from  the  final  product  accumulator. 

At  the  end  of  addition  time  p+4  when  the  high-speed  multiplier 
program  control  emits  a  program  output  pulse,  a  pulse  is  also  emitted  from 
the  terminal  A,  S,  ,,,,  or  ^SC  corresponding  to  the  point  at  which  the  product 
disposal  switch  is  set.  The  product  disposal  program  pulse  output  terminals 
which  are  used  should  bo  connected  to  program  pulse  input  terminals  on  the 
final  product  accumulator  (see  PX-6-311),  If  a  product  disposal  switch  of 
a  given  program  control  is  set  at  0,  the  high-speed  multiplier  does  not  omit 
a  product  disposal  pulse  when  this  program  control  is  used. 

The  program  switches  on  the  final  product  accumulator  may,  but 
need  not  necessarily,  be  set  so  as  to  correspond  to  the  labelling  of  the 
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product  disposal  terminal  from  which  the  stimulating  pulse  comes.  For  example, 
if  in  a  given  program  it  is  convenient  to  dispose  of  sene  product  subtractively 
twice,  and  then  cleat  and,  moreover,  no  multiplication  program  requires  ASC 
disposal,  then  the  ASC  output  terminal  can  be  connected  to  a  repeat  program 
control  on  the  final  product  accumulator  set  up  for  subtractive  transmission 
repeated  2  times  with  clearing.  Notice  that  with  such  a  set-up  the  point 
ASC  on  the  product  disposal  switch  no  longer  has  the  meaning  transmit  ^  and 
S  simultaneously  and  clear  but,  rather,  the  meaning  established  by  the  set 
up  of  the  program  control  on  the  final  product  accuiaulator , 

In  a  course  like  the  previously  described  one  care  must  be  exercised 
to  prevent  conflicting  programs.  Since  during  the  first  two  addition  times  of 
a  multiplication  program,  the  RHPP  accumulator  has  a  con^letely  non-active  role, 
product  disposal  lasting  2  addition  tines  is  possible  (with  the  RHPP  accumu¬ 
lator  used  as  the  pp  accunJulator)  even  though  a  now  multiplication  program 
is  initiated  when  the  product  disposal  signal  is  emitted.  If  the  product 
is  disposed  of  repetitively  r  tines  (where  r  ^2),  the  next  multiplication 
program  must  be  initiated  no  sooner  than  r-2  addition  times  following  the 
product  disposal  signal.  It  might  also  be  mentioned  at  this  point  that 
repetitive  reception  of  an  ap^ument  cannot  be  accomplished  through  the  use 
of  the  terminals  Ra-Re  or  Do-De  since  the  arguments  must  be  received  no  later 
than  the  end  of  addition  time  1  of  a  program  in  order  to  allow  sufficient 
time  for  the  selectors  to  set  up, 

5,2.  CaJIION  PROGRi^ElING  CIRCUITS 

5.2.1.  Argument  accumulator  Receive  Ciretdts 


A  program  input  pulse  delivered  to  a  program  control  is  routed 
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immediately  through  buffers  (61  and  62  on  program  control  1,  for  example)  to 
the  argument  receive  switches  for  that  control.  Each  receive  point  on  these 
switches  connects  to  one  of  5  output  circuits  consisting  of  buffer,  inverter, 
standard  transmitter,  and  program  pulse  output  tenainfJ.  (Ra^e  or  Da-De  on 
front  panel  1),  The  program  output  pulse  transmitted  in  this  way  is  taken 
to  a  program  control  on  the  argument  accumulator  to  stimulate  reception  of 
the  argument  (see  Sec.  5.4.). 

5.2.2.  Program  Ring  and  Associated  Circuits 

When  a  high-speed  multiplier  program  control  is  stimulated,  the 
signal  derived  ultimately  from  the  mmally  negative  output  of  the  flip-flop 
holds  gate  F'44  open  so  that  a  CPP  is  admitted  to  cycle  the  program  ring  one 
stage  per  addition  time.  The  effect  of  signals  from  various  stages  of  the 
ring  on  the  round  of^  partial  product  receiver,  complement  correction,  final 
product  collection  (F  pulse),  and  program  control  reset  circuits  are  discussed 
in  this  section.  Uenti on  is  also  made  of  the  effect  of  signals  from  the  ring 
on  the  numerical  circuits  which  are  discussed  in  greater  detail  in  Sec.  5.3. 
Table  5-4  summarizes  the  chronological  operation  of  the  programming  circuits 
for  the  case  of  a  2  place  multiplier. 

The  progrfim  ring  is  in  stage  1  when  a  progrsm  input  pulse  is  re¬ 
ceived  by  some  program  control  at  the  end  of,  let  us  say,  addition  time  zero. 
During  addition  tine  1,  the  argument  acc\jraulators  receive  their  arguments 
(see  Sec,  5.2.1.)  and,  at  the  end  of  addition  time  1,  the  ring  cycles  to 
stage  2, 

A  signal  from  stage  2  opens  gate  B'47.  The  IP  passed  through  this 
gate  seta  the  1  and  r  receivers  early  in  addition  time  2,  These  receivers 
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are  net  reset  until  the  end  of  addition  time  p+2  (see  discussion  below).  As 
lang  as  these  receivers  are  set^  a  static  signal  is  delivered  to  the  1  and  r 
terminals  on  front  panel  3,  These  signals,  brought  to  interconnector  terminals 
on  the  left  and  right  hand  partial  products  accumulators  (see  Sec*  5*4*)f 
stimulate  the  reception,  through  the  a  input  terminal,  of  the  round  off  pulses 
(see  discussion  immediately  following),  the  partial  oroducts  emitted  during 
the  succeeding  p  addition  times,  and  the  1*P  to  correct  the  sign  of  the 
product  when  both  the  iei*  and  icand  are  negative.  Since  the  1  and  r  signals 
are  brought  directly  into  the  "receive  on  a"  prograjiming  circuits  of  the  product 
accumulators,  no  program  controls  need  be  set  up  to  program  the  reception  of  the 
partial  products. 

The  signal  from  stage  2  of  the  ring  also  opens  gates  A^U7  and  A' 46 
so  that  the  1*P  and  UP  are  passed.  These  five  pulses,  used  for  round  off  of 
the  product,  are  delivered  to  the  gates  A"“H"  and  K"  45.  Each  of  these  gates 
is  connected  to  a  point  on  the  significant  figures  switches  as  indicated  on 
PX-6-308,  The  normally  positive  output  of  the  activated  program  control's 
flip-flop  through  inverter  65,  buffer  64,  and  point  s  on  the  significant 
figures  switch,  opens  one  of  these  gates  so  that  the  round  off  pulses  are 
emitted  over  the  lead  for  decade  place  10-s  of  the  left  hand  partial  products 
digit  output  terminal  I  or  over  the  lead  for  decade  place  10  of  the  left  hand 
partial  products  digit  output  terminal  II, 

In  addition  time  3,  a  signal  from  stage  3  through  B'42  and  inverter 
LI  is  applied  to  the  ier  selector  gates  for  the  10th  decade  place,  K  2-11,  and 
through  inverter  B'41|  to  the  shifter  gates  A"  3*^21  and  10-1,  In  this  way, 
multiplication  by  the  first  digit  of  the  ier  takes  place  with  the  products 
being  emitted  on  the  loads  for  decades  10-1  of  the  digit  output  terminal  LHPP 
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accumulator  I  and  on  the  leads  for  decades  9-1  of  the  digit  output  terminal 
RHPP  accumulator  I,  and  for  decr'de  10  of  RHPP  accumulator  II,  Similarly,  in 
addition  tiraos  5>  •••j  P'‘'2,  the  ring  causes  multiplication  by  successive 
digits  of  the  ier  and  the  eraission  of  the  products  shifted  over  one  place  to 
the  right  each  time. 

The  places  ga.tes  numbered  B'-K'46  emit  a  signal  on  the  coincidence 
of  a  signal  from  the  normally  negative  output  of  the  flip-flop  (and  buffer  6l) 
passing  through  point  p  on  the  places  switch  and  a  signal  from  stage  p+2  of 
the  ring.  The  signal  emitted  by  one  of  these  gates  terminates  the  multipli¬ 
cations  by  successive  ier  digits,  causes  complement  correction  to  tatce  place, 
and  resets  the  1  and  r  receivers. 

The  phase  of  the  multipUcction  program  in  which  the  tables  are 
used  Is  terminated  as  follows:  A  CPP  passed  through  gate  F‘48  at  the  end 
of  addition  time  p+2  clears  the  ring  tc:  stage  13,  At  the  same  time,  a  CPP 
passed  through  gate  E’4,7  resets  the  1  and  r  receivers. 

During  addition  time  p+2,  the  signal  from  one  of  the  places  gates 
allows  a  1*P  to  pass  through  gate  V'kl  and  a  CPP,  through  gate  B"46,  A  static 
output  signal  from  stage  M  of  the  ier  accumulator' s  PLI  counter  holds  gate  B"47 
open  so  that  gate  B"47  pasaes  the  output  of  gate  B''46  to  the  DS  output  terminal 
on  panel  3,  Similarly,  if  the  icand  is  negative,  the  output  of  gate  B"46 
passes  through  gate  C"47  to  the  RS  terminal.  The  gates  L"47#  45,  and  43  are 
so  arranged  in  series  that  the  I'P  is  allowed  to  reach  the  FM  lead  of  terminal 
RHPP  accumulator  I  only  if  both  the  ier  and  icand  are  negative.  This  latter 
pulse  is  received  in  the  right  hand  partial  product  accumulator  because  the 
r  receiver  is  not  reset  until  the  end  of  addition  time  p+2  after  this  pulse 


V  -  17 


has  been  emitted,  With  the  associated  accumulators  set  up  as  shown  on  KC-6-311» 
the  pulses  transmitted  from  terminals  RS  and  DS  stimulate  the  carrying  out  of 
the  complement  corrections  (shown  on  table  5-3.)  during  addition  time  p+3. 

At  the  end  of  addition  time  p+3,  a  CPP  passes  through  gate  A"47 
which  is  held  open  by  a  signal  from  stage  13  of  the  ring.  This  pulse,  trans¬ 
mitted  through  terminal  F  on  panel  ^  is  used  to  stimulate  the  collection  of 
the  partial  products  into  the  final  product  (see  PX-6-311  and  Sec.  5.4. )• 

At  the  end  jf  addition  time  p+4,  the  activated  program  control  is 
reset  and  a  program  output  pulse  is  transmitted.  This  resetting  is  accomplished 
in  one  way  for  program  controls  (9-16)  on  panel  2  and  in  a  slightly  different 
way  for  program  controls  (l-8  and  17-24)  on  the  first  and  third  panels. 

The  signal  from  ste.gy  14,  early  in  addition  time  p+k,  is  brought 
directly  to  gate  62  of  transceivers  on  the  second  panel.  This  gate,  controlled 
by  the  normally  negative  output  of  the  flip-flop,  then  emits  a  signal  which 
passes  through  inverter  6**  and  opens  gate  68.  The  CPP  passed  through  gate  68 
at  the  end  of  addition  time  p+4  resets  the  flip-flop  and  is  transmitted  as  a 
program  output  pulse. 

Gate  62  of  a  transceiver  on  the  first  or  third  panel  also  gets  a 
reset  signal  early  in  addition  time  p+4.  This  signal,  however,  is  derived 
from  one  of  the  reset  flip-flops  (E,  F  49  on  panel  1  or  L",  K"  49  on  panel  3), 

A  signal  from  stage  13  opens  gates  D49  and  K”50  to  allow  a  CPP  to  pass  and, 
thus,  set  the  reset  flip-flops  on  panels  1  and  3  respectively.  The  normally 
negative  output  of  these  flip-flops  is  then  brought  to  gate  62  in  the  associ¬ 
ated  transceivers.  Neons  correlated  with  the  reset  flip-flops  are  shown  on 
PX-6^309. 
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5.2.3.  jirpnJinent  Accuiaulator  Clear  Circuits 

The  reset  si^^nal,  whether  from  stage  14  or  from  the  reset  flip-flops 
(see  discussion  iimnediatcly  abovo^  causes  gate  62  of  the  stimulated  transceiver 
to  emit  a  signal  early  in  addition  time  p+4.  This  signal,  through  inverter  65 
and  buffer  63,  passes  through  the  ier  and/or  icand  accumulator  clear  switches 
to  one  or  two  of  the  argument  accumulator  clear  gates  B,  D,  F,  and  H30,  The 
argument  accumulator  clear  gates  are  so  connected  to  points  on  the  clear 
switches  that  gate  H30  is  opened  if  only  the  ier  accumulator  is  to  be  cleared, 
gates  D30  and  F30  if  both  argument  accumulators  are  to  be  cleared,  and  gate 
B3O  if  only  the  icand  accumulator  is  to  be  cleared.  Towards  the  end  of  addition 
time  p+4,  the  carry  clear  gate  (CCG)  passes  through  the  opened  clear  gate 
(or  gates)  to  the  PM-claar  unit  of  the  accumulator  (or  accumulators)  to 
cause  the  clearing  of  the  argument  accumulators  as  specified  by  the  settings 
of  the  argviment  accumulator  clear  switches, 

5.2.4,  Product  Disposal  Circuits 

There  are  6  product  disposal  circuits  A,  S,  ,,,,  ASC  each  consisting 
of  a  program  pulse  output  termin’.  1  on  panel  3,  a  transmitter,  a  gate  D",  E'^, 

,,,,  or  J"47  snd,  a  buffer  D",  E",  ,,,,  or  J"46.  Each  of  these  circuits  is 
connected  to  the  corresponding  point  A,  AS,  ...,  /iSC  on  the  product  disposal 
switch. 

The  signal  emitted  by  gate  62  of  the  stimulated  program  control 
when  the  reset  signal  arrives,  passes  through  inverter  65,  buffer  63  and  the 
product  disposal  switch  to  the  buffer  of  the  appropriate  product  disposal 
circuit.  Thus,  the  gate  in  such  a  circuit  is  hold  open  to  pass  a  CPP  at  the 
end  of  addition  time  p+4.  This  pulse,  emitted  from  one  of  terminals  «,  S, 

, , ,,  ASC  at  the  end  of  addition  time  p+4,  is  used  by  the  operator  to  stimulate 
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disposal  of  the  product  (see  Secs. 5*1.5.  ^nd  5.4.)  which  tekos  place  during 
addition  time  p+5. 

5.3.  KIP.IERICAL  CIHCUITS 

The  nunerical  circuits  of  the  high-speed  multiplier  consist  of 
the  ier  selector  gates,  the  tens  and  units  multiplication  tables,  the  coding 
gates,  the  left  and  right  hand  icand  selector  gates,  the  left  and  right  hand 
shifters,  and  the  4  digit  output  terminals,  LH  partial  products  accumulators 
I  and  II  and  RH  product  accumulators  I  and  II  on  panel  3  (see  PX-6-30S). 

The  ier  selectors  consist  of  a  10  by  10  array  of  gates.  The  ier 

selector  gate  in  rovi  i  (i  =  0  to  9  from  bottom  to  top)  and  column  j  (J  =  10 

to  1  frcaa  left  to  right)  receives,  -.s  :ne  input,  the  static  output  of  stage  i 
in  decade  counter  j  of  the  ior  accumulator  end,  as  its  second  input,  a  signal 
from  stage  13- j  of  the  multiplier  ring.  The  output  signal  from  a  gate  in 
row  i  activates  row  i  of  the  multiplication  tables. 

In  the  tens  table  there  axe  eight  groups  of  vertical  conductors 
corresponding  to  icand  digits  2  to  9  -and  in  the  units  table,  9  grcjups  of 
vertical  conductors  corresponding  to  icand  digits  1  to  9.  The  basic  products 
are  remembered  by  means  of  a  pattern  of  connections  between  the  horizontal 
conductors  (from,  the  ier  selectors)  and  the  vertical  conductesrs  (to  the 
coding  gates).  Each  of  the  verticfj.  conductors  is  labelled  so  as  to  indicate 
the  pulses  (l,  2,  2',  or  4)  which  aro  br^-ught  to  the  coding  gate  to  which  it 

is  connected.  No  conductor  is  needed  for  icand  equal  to  one  in  the  tens 

table  since  the  tens  digit  of  any  one  digit  ier  by  ictsid  equal  to  one  is  zero. 
Now,  a  signal  from  a  gate  in  row  i  of  the  selectors  is  delivered 


through  the  connections  between  row  i  of  the  tables  end  the  vortical  conductors 
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to  the  coding  gates.  Since  the  output  of  the  ier  selector  gate  is  negative 
the  signals  fron  the  multiplication  tables  have  an  inhibitory  effect  on  the 
coding  gates  to  which  they  are  delivered.  Notice  that  for  ier  equal  to  zero, 
all  coding  gates  are  turned  off.  The  1,  2,  2',  or  are  allowed  to  pass 
through  only  the  coding  gates  which  receive  no  signal  from  the  multiplication 
tables. 

Suppiose,  for  example,  that  the  digit  in  the  tenth  decade  place  of 
the  ier  is  2.  Then  during  addition  time  3*  the  tube  K9  emits  a  signal.  The 
digit  pulses  passed  by  the  coding  gates  as  a  result  are  shown  in  Table  5-5. 

The  pulses  passed  by  the  c.^ding  gates  associated  with  the  tens  and 
units  multiplication  table®  are  brought  through  buffers  and  inverters  to  the 
left  and  right  hand  icand  selector  gates  respectively.  The  left  hand  selectors 
consist  of  a  10  by  8  array  of  gates  with  the  tubes  in  row  i  (i  -  2  to  9  from 
bottom  to  top)  corresponding  to  digit  i  of  the  icand  and  the  tubes  in  column  j 
( j  =  10  to  1  from  left  to  right)  to  decade  place  j  of  the  icand.  Similarly, 
the  right  hand  icand  selectors  consist  of  a  10  by  9  array  of  gates  with  each 
of  the  9  rows  corresponding  to  a  digit  of  the  icand  between  1  and  9.  The 
static  outputs  of  the  icand  accumulator’s  decade  counters  provide  one  input 
for  the  icand  selector  gates.  The  second  input  for  the  iccuid  selector  gates 
on  row  1  c  ■‘nsists  of  the  pulses  passed  by  the  coding  getes  associated  with 
icand  i.  Out  of  the  collection  of  products  transmitted  by  the  coding  gates, 
the  icand  selector  gates  select  the  products  needed  for  the  particular  icand 
set  up  in  them.  For  example,  when  the  icand  M  8  198  630  400  is  multiplied 
by  the  first  digit  of  the  ier  P  2  800  000  000  (see  the  illustrative  problem 
of  table  5-2),  the  product  pulses  passed  by  icand  selector  gates  are  shown 
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TuBLE  5-5 

PiLRTIAL  PRODUCTS  BUTTED  BY  THE  iflJLTIPLIC.iTION  TABLES  FOR  lER  -  2 
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R28,  E28 

r 

4P  by  D28  j 

in  Table  5-6, 

Correspondinj’  to  each  set  of  icanc'  select  ir  gates  is  s  set  of  shifters, 

^*ach  set  of  shifters  consists  of  e  10  by  10  array  of  gates.  The  pulses  for 
the  partial  prot?uct  "ier'  digit  by  icanri  digit  in  decade  placa  j"  are  routed 
through  buffers  and  inverters  to  the  shifter  gates  in  column  j  ( j“10  to  1 
from  left  to  right).  The  second  input  for  the  gates  in  row  i  (i*  3  to  12) 
comes  from  stage  i  of  the  program  ring.  The  outputs  of  the  shifters  are  con¬ 
nected  diagonally  to  the  leads  of  the  digit  output  terminals,  LH  partial  products 
accumulators  I  and  II  and  RH  product  accumulators  I  and  II,  in  such  a  viay  that 
the  partial  products  are  emitted  one  decade  place  further  to  the  right  as 
multiplication  by  successive  ier  digits  takes  jJlace.  The  partial  products 
for  icand  by  first  ier  digit  are  emitted  over  the  leads  for  decade  places 
10-1  of  the  left  hand  partial  products  accumulator  I,  decade  places  9-1  of 
right  hand  partial  products  accumulator  I,  and  decade  place  10  of  ri^cht  hand 
partial  products  accumulator  II, 

Notice  that  the  pulses  for  the  partial  products  are  emitted  from  in¬ 
verter  tubes  instead  of  standard  transmitters.  For  this  reason,  the  digit 
output  terminals  on  panel  3  must  be  connected  to  input  terminals  on  the  partial 
products  accumulators  by  means  of  digit  trays  or  cables  to  which  no  other  units 
are  connected  in  parallel.  No  load  boxes  are  used  on  these  dii^it  trays  (see 
Sec.  5.4.)* 

5.4.  INTERREUTION  OF  THE  HIGH-SPEED  MULTIPLIER  .VND  ITS  aS50CI,.TED  ACCUMULiiTORS 

5,4,1,  Interconnections  for  Numerical  and  Pro,:rajmting  Data 

The  10  decade  counters  of  the  ier  accumulator  (9)  are  connected  statical¬ 
ly  to  the  ier  selector  gates.  Similarly,  the  decade  counters  of  the  icand 


TABLE  5-6 

SELECTION  OF  PRODUCTS  BY  ICAND  SELECTORS  THEN  IC^ND  Li  8  198  630  400 
IS  MULTIPLIED  BY  FIRST  DIGIT  OF  lER  P  2  800  000  000 
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Left  Hand  Icand 
Selectcff*  Gate 

Pulses 

Passed 

— 

Right  Hand  Icand 
Selector  Gate 

Pulses 

Passed 

10 

L'22 

1 

L'2 

6 

9 

0 

K'9 

2 

8 
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1 
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8 

7 
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6 
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2 
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6 
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^  1 
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accumulator  (lO)  are  connected  to  both  seta  of  icand  selector  ^^atos.  Stage  ll 
of  the  ier  accumuliitor  is  stoticslly  connected  to  gates  B"/*.?  and  L"45  and 
stage  li  of  the  icand  accurAulator,  to  jo’ites  C"47  and  L'’43  of  the  complement 
correction  circuit  (see  Sec,  5,2.2,),  Fifty  leads  in  each  of  4  55-conductor 
cables  are  used  for  the  static  outputs  of  the  20  decade  counters  involved.  An 
additional  lead  in  each  of  2  of  the  cables  Carries  minus  si;:n  data.  These 
cables  ere  brought  from  accumulators  9  and  10  to  the  selector  gates  ill  the 
high  speed  multiplier  by  way  of  the  static  cable  trough  which  runs  along  the 
top  of  the  ENIAC  p?nels» 

Only  accumulators  9  and  10  which  are  next  to  the  high-speed  multiplier 

since 

can  be  used  as  the  ier  and  icand  accumulators  ^bnly  one  addition  time,  the  2nd, 
is  allowed  fiith  s  safety  factor  included)  for  the  set-up  of  the  arguments  in  the 
selectors.  If  longer  static  leads  were  used  to  deliver  the  arj^ents  to  the 
selectors,  more  time  than  has  been  provided  would  be  needed  to  set  up  the 
ariruments,  as  a  natter  of  fact  not  even  the  ier  and  icand  accumulators  can 
be  interchan  :eri  since  the  time  constants  have  been  raefisuroc;  on  the  basis  that 
the  further  accumulator  (9)  is  connected  to  the  ier  selectors  on  panel  1  auid 
the  nep.rer  accumulator  (10),  to  the  icand  selectors  on  panel  2  of  the  high¬ 
speed  multiplier. 

The  outputs  of  gates  B,  D,  F,  and  H50  in  the  clear  circuits  (see 
Sec,  5,2,2,)  are  also  connected  to  the  PlI  clear  units  of  the  argument  accumu¬ 
lators. 

All  the  other  connections  between  the  multiplier  and  its  associated 
accumulators  for  numerical  and  programriingi:  purposes  are  made  through  digit  or 
program  trays  or  cables.  These  are  shown  on  PX-6-311. 
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5.4»1^1*  Programming  Connections  for  ’’Receive  Argument'*  Instructions 

The  terminals  Ra-Re  are  connected  to  program  pulse  input  terminals  on 
the  ier  accumulator.  The  program  switches  associated  with  these  terminals  are 
set  up  appropriately.  Similarly  terminals  Da-Ds  are  connected  to  program  pulse 
input  terminals  on  the  icand  accumulator*  Although  PX-6-311  shows  all  of  the  hn-Rs 
Ra-Re  and  Da-De  terminals  connected,  it  is,  of  cOurse,  necessary  to  make  connec¬ 
tions  only  for  the  terminals  which  are  used, 

3,4*i«2«  Connections  for  Partial  Product.  Reception 

The  signals  emitted  through  the  1  and  r  terminals  on  panel  3  of  the 
high-speed  multiplier  during  addition  times  2  through  p^2,  are  delivered  to 
the  "receive  on  a"  programming  circuits  of  the  partial  products  accumulators 
hy  means  of  cables  (see  PX-5-l3l)  running  from  the  1  and  r  terminals  tO  inter- 
connector  terminals  on  the  LHPP  and  RHPP  accumulators  respectively.  The  digit 
output  terminals  on  panel  3  of  the  high-speed  multiplier  are  connected  to  the 
a  input  terminals  of  the  partial  products  accumulators.  If  products  with  6  or 
fewer  significant  figures  are  requiredj  the  dotted  digit  connections  may  be 
omitted. 

To  repeat  the  statement  made  in  Sec,  3.2.2,  no  Other  units  can  be 
connected  in  parallel  to  the  trays  used  to  carry  the  partial  products  and  no 
load  box  should  bo  Used  on  these  trays» 

f 

5, 4, 1,3.  Connections  for  Complement  Correction 

The  S  output  terminals  of  the  ier  and  icand  accumulators  are  con¬ 
nected  to  the  3  input  terminals  of  LHPP  Accumulator  I  and  RHPP  Accuituiliator  I 
respectively  for  the  purpose  of  delivering  to  these  accumulators  the  correction 
terms  required  if  either  or  both  of  the  arguments  are  negative  (see  Table  5-1), 
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with  these  digit  connections,  the  following  program  connections  must  be  made: 

1)  from  terminal  ^  on  panel  3  to  a  control  on  the  ier  accumulator 
set  up  for  subtractive  transmission  and  to  a  control  on  the  LHPP 
accumulator  set  up  for  reception  on  p. 

2)  from  terminal  DS  on  panel  3  to  a  control  on  the  icand  accumulator 
set  up  for  subtractive  transmission  and  to  a  control  on  the  RHPP 
accumvilator  set  up  for  reception  on  P, 

A  second  method  of  making  the  coiaplemcnt  correction  connections  is 
possible.  The  S  output  terminals  of  the  ier  and  icand  accumulators  may  be  con¬ 
nected  to  the  P  input  terminals  of  RHPP  accumulator  I  and  LHPP  accumulator  I 
respectively.  In  this  case  the  program  connections  are  as  follows: 

1)  from  terminal  RS  to  the  ier  accumulator  and  to  the  RHPP  accumulator 

2)  from  terminal  DS  to  the  icand  accvunulator  and  to  the  LHPP  accumu¬ 
lator  . 

5.4.1»4»  Connections  for  Final  Product  Collection 

PX-6-311  shows  the  partial  product  accumulators  set-up  so  that  the 
RHPP  accmulator  also  serves  as  the  final  product  accumulator.  The  A  output 
terminal  of  the  LHPP  accumulator  is  connected  to  the  p  input  terminal  of  the 
RHPP  accumulator  and  the  F  terminal  on  panel  3  is  connected  to  a  control  on 
the  LHPP  set  up  for  reception  on  p.  Since  the  RHPP  accuraulator  is  free  for 
two  addition  times  at  the  beginning  of  multiplication  programs  and  the  LHPP 
accumulator  is  free  for  only  one  addition  time  (see  Sec,  5.1,5.),  there  is  a 
slight  advantage  in  using  the  RlffP  accumulator  as  the  final  product  accumulator 
if  repetitive  disposal  of  the  product  is  contemplated.  Otherwise,  by  suitable 
digit  tray  and  programming  connections,  the  LHPP  accumulator  can  just  as  well 
be  made  to  serve  as  the  final  product  accumulator.  Notice  that  it  is  not  neces¬ 
sary  to  use  a  shifter  at  the  p  input  terminal  of  the  FP  accumulator  in  collecting 
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the  partial  products  in  one  accumulator  because  the  hi{]:h-speed  multiplier's 
shifters  align  the  partial  products  so  that  they  can  be  combined  properly* 

5. 4. 1.5.  Programming  Connections  For  Product  Disposal  Instructions 

PX-6-311  shows  several  of  the  h,  S,  ,,,,  ASC  terminrals  on  panel  3 
connected  to  program,  controls  on  the  final  product  rccumulator  which  are  set¬ 
up  for  transmission.  As  mentioned  earlier  in  Sec.  5.1.5,,  the  nea:iings  token 
on  by  the  points  A,  S,  ASC  on  the  product  disposal  switch  depend  entirely 

on  the  set  up  of  the  program  controls  on  the  final  product  accumulator  to  which 
the  terminals  A,  S,  ASC  are  connected, 

5.A.2.  Position  of  Decimal  Point  in  Product  Accumulator 

The  position  of  the  decimal  point  of  the  product  si'n  easily  be  deduced 
from  the  description  of  the  way  in  which  the  shifters  route  the  partial  products 
(see  Sec.  5.3.).  If  **>  f  respectively  represent  the  nu*mbcr  of  decade 

places  that  the  decimal  points  of  the  ier,  ic'nd,  and  final  product  are  removed 
from  the  PU  place  in  their  respective  accumulators  (r,  d,  f.nd  f  are  positive  or 
negative  according  as  they  vro  counted  toward  the  rigtit  or  left  of  the  PM  counter), 
then 

f  =  r  +  d 

This  f omuls  is  illustrc-ted  in  the  table  below. 


ier 

n 

icand 

■ 

product 

f 

P  1.  000  000  000 

n 

P  1.  000  000  000 

Bl 

P  0  1.00  000  000 

2 

P  0  03.0  000  000 

P.A  000  000  000 

0 

P  0  Pl,2  000  000 

3 

P  0  03,0  000  000 

H 

10'^(P.4  000  000  000 

-2 

P  0.  012  000  000 

_ 

1 
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5.5.  ILLUSTRATIVE  PROBLaiS 

Programs  set  up  on  the  high-speed  multiplier  are  described  in  the 
high-speed  multiplier  column  of  set-up  tables  as  followis: 

1)  On  the  first  level,  i-j,  at  the  left,  represents  ohe  lino  from 
which  the  progrtim  input  pulse  comes  and  at  the  right,  the 
program  control 

2)  On  the  second  level,  the  first  pair  of  symbols  (a,  e,  or  0 

followed  by  C  or  0)  represents  the  settings  of  the  ier  accumu¬ 
lator  receive  and  clear  switches j  the  second  pair  of  symbols 
represents  the  settings  of  the  icand  accumulator  receive  and 
clear  switches j  the  third  symbol  ASC,  or  0)  the  setting 

of  the  product  disposal  switch*  A  special  meaning  assigned  to 
one  of  the  points  on  the  product  disposal  switch  is  indicated 
by  an  asterisk  and  an  explanatory  note  at  the  top  of  the  high¬ 
speed  multiplier  column, 

3)  On  the  third  level,  the  first  symbol  (2,  ...,  10, or  off)  specifies 
the  significant  figures  switch  setting;  the  second  symbol,  the 
places  switch  setting. 

4)  On  the  fourth  level,  located  on  the  addition  time  line  in  which 
the  program  is  completed,  the  symbol  m-n  designates  the  program 
output  pulse. 

Thus,  the  following  symbols 

aC  30  a 

off;  8 

i 
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describe  a  program  set  up  on  high-speed  multiplier  control  4.  The  program 
input  pulse  comes  from  line  3  of  program  tray  1,  The  ier  accumulator  receives 
its  argument  through  its  (X  input  terminal  and  the  icand  accumulator  receives 
the  icand  through  its  0  input  terminal.  The  ier  accumulator  is,  and  the  icand 
accumulator  is  not  cleared  at  the  end  of  the  program.  The  product  is  travns- 
mitted  additivcly  from  the  final  product  accumulator.  The  product  is  not 
rounded'  off  and  8  multiplier  places  arc  used.  The  program  output  pulse  is 
transmitted  to  line  5-6,  If  the  program  input  pulse  1-3  were  received,  say, 
at  the  end  of  addition  time  6,  all  the  above  symbols  except  the  arrow  and  the 
program  output  pulse  would  appear  on  the  addition  time  7  line.  The  arrow 
would  run  from  the  line  for  addition  time  7  to  the  lino  for  addition  time  18, 
The  program  output  pulse  symbol  would  appear  on  line  18, 

No  symbols  are  written  in  the  columns  for  accumulators  associated 
with  the  high-speed  multiplier  when  these  acciimulators  carry  out  programs 
(receiving  the  arguments,  for  example)  stimulated  by  the  high-speed  multiplier. 
The  set-up  diagriuns,  however,  indicate  the  semi -permanent  connections  made 
between  the  high-speed  multiplier  and  these  accumulators. 

For  the  symbols  used  on  the  set-t-up  diagrams  see  Fig,  5-1  below. 

5.5.1.  One  Program  Control  Devoted  to  Each  Multiplication 

The  problem  of  See,  7.5.1.  which  describos  the  way  in  which  the  ENIAC 
can  be  set  up  to  perform  quadratic  Lagrangian  interpolation  illustrates  one 
method  of  using  the  program  controls  on  the  high-speed,  multiplier.  Here  it  is 
assumed  that  the  interpolation  is  carried  out  as  pert  of  a  computation  which 
does  not  come  anywhere  near  exhausting  the  program  control  facilities  of  the 
high-speed  multiplier.  Since  sufficient  program  controls  are  available,  one 
control  is  devoted  to  each  nniltiplication  program. 
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The  stimulating  pulses  for  the  various  multiplication  programs  are 
derived  directly  from  the  main  programming  sequence  and  the  multiplier' s 
program  output  pulses  go  back  to  the  main  programming  sequence  (see  Table  7-4) • 
5  *5  *2,  One  Progreun  Control  Used  Repeatedly 

The  computation  discussed  in  section  6,5  which  consists  of  forming 


X 


3 


3 


+  cd 


b 


illustrates  the  rcpGa.ted  use  of  a  given  high-speed  multiplier  program  control, 

2 

In  this  computation,  the  throe  pcirs  of  multiplications  to  form  the  toms  x. 

3 

and,  then  x^,  while  they  involve  different  arguments,  can  be  handled  by  one  pair 

of  multiplier  controls.  Hero  again  the  pulses  which  stimulate  the  multiplication 

programs  as  well  as  the  ones  which  stimulate  transmission  of  x^,  x^,  a^nd  x^  to 

the  arguiaent  accumulators  a.rc  derived  from  the  main  program,  sequence.  However, 

3 

after  each  tern  x^  is  formed  and  received  in  another  accumulator  from  the  final 
product  accumulator,  the  program  sequence  goes  to  the  master  progrommer  for  in¬ 
structions  as  to  whether  or  not  the  multiplier  program  controls  used  repeatedly 
for  the  formation  of  3^  and  are  to  be  used  again  and,  if  so,  with  which 
argument  (see  Table  6-13), 

The  problem  of  Sec,  6.5.  also  illustrates  the  use  of  one  of  the 
points  on  the  product  disposal  switch  to  effect  ropcatvod  transr.dssion  from 
the  final  product  accumulator , 
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5 . 5 • 3 .  Isolation  of  Program  Saquences  \Vhich  Stimulato  Transmission  of  Argunents 
to  i-^rgument  Accumulators,  Multiplication  Programs,  and  Reception  of  Products 
From  Product  itccumulators . 

In  Sec,  8,7  is  described  a  problem  in  which  there  is  a  basic  compu¬ 
tation  sequence  involving  1?  multiplications.  This  basic  sequence  is  repeated 
10  times  in  the  course  of  tho  problem.  One  progrJim  control  is  devoted  to  each 
of  12  of  the  multiplications  and  the  remaining  5  multiplications  are  taken  care 
of  by  either  of  2  program  controls,  Each  time  the  basic  confutation  sequence 
is  repeated,  iirguments  stored  in  different  units  of  the  ENIAC  are  used.  Also, 
within  each  sequence,  the  locs.tion  of  one  of  the  arguments  required  in  the  5 
multiplication  programs  which  are  performed  on  2  program  controls,  as  mentioned 
above,  varies.  Furthermore, in  alternate  repetitions  of  the  basic  computing 
sequence^  6  of  the  17  products  are  received  by  way  of  different  input  terminals 
in  the  accumulators  to  which  the  final  product  accumulator  transmits. 

The  set  up  for  this  problem  is  summarized  in  Table  6-13  as  much  of 
the  basic  computing  sequence  as  is  constant  for  all  10  repetitions  is  handled 
in  one  predominant  program  sequence.  In  this  predominant  program  sequence, 
the  same  program  input  pulse  which  stimulates  a  multiplication  program  also 
stimulates  the  accumulators  which  store  arguments  for  the  multiplication  to 
transmit  then  and  the  program  output  pulse  from  a  multiplier  progr;.'m  control 
not  only  stimulates  the  reception  of  the  product  from  the  final  product  accu¬ 
mulator,  but  also  initiates  the  next  multiplication  program.  The  program  pulses 
for  thie  predominant  sequence  are  carried  in  program  trays  7  and  8  (see  Table 
8-13. 
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Branching  off  the  predominant  program  sequence  and  carried  on  in 
parallel  with  it  a.re  three  senuences.  The  sequence  whose  stimulating  program 
pulse  is  carried  on  program  line  6-11  is  concerned  with  procuring  appropriate 
arguments  in  the  cases  where  the  loc.'ition  of  argument  varies  from  repetition 
to  repetition,  Jw  second  sequence  whose  program  pulses  are  Ctirried  on  program 
tray  9  is  concerned  with  selecting  which  of  2  multiplier  controls  is  to  be 
used  for  5  of  the  17  multiplications  and  with  stimulating  the  transmission  of 
an  appropriate  argument,  third  sequence  whose  program  pulses  are  carried 
on  trays  10  and  11  handles  the  reception  of  6  of  the  17  products  from  the 
final  product  accvinulator. 

The  iteration  of  the  predominant  sequence  with  its  branches  10  tines 
is  provided  through  the  use  of  the  ru'.ster  prograincaer. 
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VI.  DRIDER  AND  SQUARE  ROOTER 

The  divider  and  square  rooter  is  the  unit  ’which  enables  the  ENIAC  to 

carry  out  the  operations  of  division  and  square  rooting.  The  time  required  to 

complete  these  operations  depends  on  the  number  of  places  reqvdred  in  the  answer 

and  the  digits  in  each  place  of  the  answer.  If  it  is  assumed  that  the  average 

digit  of  the  answer  is  5  and  if  p  designates  the  number  of  places  in  the  answer, 

* 

approximately  I3  p  addition  times  are  consumed  in  division  or  square  rooting. 

The  first  seotion  of  this  chapter  contains  a  general  summary  of  the 

divider  and  square  rooter.  Sections  6,1,  6,2,  and  6,3  respectively  cover  the 

program  controls,  esmmon  programming  circuits,  and  numerical  circuits  of  this 

unit.  Information  pertinent  to  the  interrelation  of  accumulators  associated 

with' the  divider  and  square  rooter  appears  in  Section;  6,4,  ^d  6.5  includes 

an  illustrative  set-up  for  confutations  involving  the  divider  and  square  rooter. 

The  following  diagrams  will  be  referred  to  in  this  chapter: 

Front  View  of  the  Divider  and  Square  Rooter 

Divider  and  Square  Rooter  Front  Panel 

Divider  and  Square  Rooter  Block  Diagram 

Interconnection  of  Divider  and  Square  Rooter 
with  its  Associated  Accumulators 

6.0.  GErJERAL  SUMI'iARY 

The  divider  and  square  rooter  carries  out  a  division  or  square  rooting 
by  operating  as  a  centrfil  prograitming  agent  for  a  group  of  associated  accumulators 
(see  Section  6,4),  In  division  the  associated  accumulators  are  the  numerator 
(dividend)  accumulator,  the  denominator  (divisor)  accumulator,  shift  accumulator, 

*In  Section  6,2  a  formula  for  calculating  exactly  the  nunkaer  of  addition  times 
required  for  a  given  division  or  square  root  is  given. 


PX-lO-302 

F^-lO-301 

PX-10-304 

PX-lO-307 
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and  quotient  accumulatorj  in  square  rooting  the  associated  accumulators  are  the 
numerator  (radicand)  accumulator,  the  shift  accumulitM*,  and  the  denoiainatcr 
(twice  the  root)  accumulator.  The  divider  controls  these  accumulators  in  th''^ 
sense  that  at  various  periods  of  the  operation  cycle,  it  transmits  to  these  accumu¬ 
lators  progran  signals  ■  appropriate  to  the  period  of  the  confutation  and  the 
quantities  involved  in  the  computation  and  in  the  sense  that  it  provides  the 
answer  accumulator  with  the  numerical  data  from  which  the  answer  is  ultimately 
formed. 

The  operation  cycle,  whether  for  division  or  square  rooting,  divides 
itself  rather  clesrly  into  U  periods;  period  I  in  which  the  stage  is  set  for 
the  following  periods,  period  II  during  which  the  operation  itself  proceeds, 
period  III,  the  round  off  period,  and  period  IV,  the  interlock  and  clear  period. 
When  a  divider  and  square  rooter  program  control  is  stimulated,  the  events  which 
occur  in  the  four  periods  mentioned  above,  depend,  to  some  extent,  on  the  way  in 
which  the  program  control  is  sot  up.  (cf,  Seation  6,1  and  the  illustrative 
examples  in  Tables  6-2  and  6-3), 

In  addition  to  a  transceiver  with  program  pulse  input  and  output 
terminals,  each  of  the  S  program  controls  contains  an  interlock  pulse  input 
terminal  and  8  program  switches  (see  PX-10-301),  The  progran  switches  provide 
the  operator  with  options  as  to; 

1)  reception  of  the  arguments  by  the  argument  accumulators  (nimerator 
and  denominator  accumulator  receive  switches) 

2)  clearing  of  one  or  both  of  the  argument  accumulators  upon 
completion  of  the  progriun  (numerator  and  denominator  accumulator 
clear  switches) 
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3)  choico  between  the  Operations  of  division  and  square  rooting  ■ 

( divido-square  root  and  places  switch) 

r 

4)  the  number  of  places  to  be  obtained  in  the  answer  (divide— pqu/’ra 
root  and  places  switch) 

5)  round  off  or  no  round- -off  of  the  answer  (round-off  switch) 

6)  whether  or  not  the  tri-nsinission  of  a  program  output  pulse  is  to 
wait  on  the  divider-square  rooter's  reception  of  an  interlock 
input  pulse  (interlock  switch) 

7)  transmission  of  the  answer  from  the  quotient  or  denominator 
accximulator  (answer  disposal  switch). 

During  period  I  of  a  division,  the  divider  and  square  rooter  omits 
signals  which  stimulate  the  argument  accumulators  to  receive  the  arguments  in 
accordance  with  option  1  above  and  sets  up  certain  of  its  common  programniing 
circuits  (see  Section  6,2)  in  accordance  with  option  3. 

Period  II,  for  division,  includes  combinations  of  a  basic  division 
sequence  and  a  shift  sequence.  When  the  numerator  denominator  have  like 
signs,  the  denominator  is  subtracted  from  the  numerator  and  the  quotient  is 
increased  by  one  unit  in  a  particular  decade  place;  when  the  signs  of  the 
arguments  are  unlike,  the  denominator  is  added  to  the  numerator  end  the  quotient 
is  decreased  by  one  unit  in  a  particular  decade  place.  When  the  remainder  from 
the  numerator  after  aji  addition  or  subtraction  of  the  denominator  shows  an  over¬ 
draft  (i.e.  a  change  in  sign  from  the  one  which  the  rfoiainder  carried  before  the 
addition  or  subtraction),  the  basic  division  sequence  is  interrupted.  Then  the 
remainder  is  transmitted  from  the  numer3,tor  accumulator  to  the  shift  accumulator 
where  it  is  received  shifted  over  one  place  to  the  left.  Next  the  numerator 
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accumulator  again  receives  the  numerator  from  the  shift  accumulator.  The  basic 
divd.sion  sequence  is  repeated  with  the  quotient  respectively  increased  cr  de¬ 
creased  by  one  unit  after  every  time  a  subtraction  or  addition  of  the  denominator 
t^iltes  pU'CC,  After  a  shift  sequence,  however,  the  unit  is  added  ti  cr  subtracted 
from  a  decade  oD.'Jco  of  the  quotient  one  further  to  the  right  than  bef  jre  v,hj 
shift  sequence . 

Sauare  roots  in  the  EN'IAC  are  obtained  by  a  method  which  malces  use 

^  ■  r. 

of  the  fact  that  (2i  -  1)  =  a  and  which  is  analogous  to  a  method  often 

-V 

used  to  find  aquaro  roots  on  electric  or  manual,  desk  computing  machines. 

Period  I  for  aqua re-rooting  not  only  covers  the  rsception  of  the 
numerator  (or  radicand)  and  the  set-up  of  certain  circuits  in  the  divider  and 

g 

square  rooter,  but  also  provides  for  the  reception  of  one  pulse  in  the  10 
decade  of  the  den.oiniaator('twic*:J  the  root)  accumulator . 

In  the  basic  square*rooting  sequence  of  period  II,  odd  numbers  suc¬ 
cessively  increasing  (and  accumulated  in  the  denbminator,  accumulator)  are  sub¬ 
tracted  from  the  radicand  until  am  overdraft  occurs.  Then  odd  numbers  successive- 
ly  decreasing  are  added  to  the  radicand.  The  ENIAC  finds  by  this  procedure  twice 
the  square  root  (formed  in  the  denominator  accumulator)  since  the  answer  is  in¬ 
creased  or  decreased  by  two  units  after  each  addition  or  subtraction  takes  place. 
Period  II,  in  square;  rooting  as  in  division,  includes  a  diift  sequence  which 
takes  place  whenever  the  remainder  frean  the  radicand  Indicates  a  change  of  sign. 
The  square  root  shift  sequence  provides  for  transmission  of  the  radicand  to  the 
shift  accumulator  to  shift  it  one  place  to  the  left  and  the  return  of  the  shifted 
radicand  to  the  numerator  or  radicand  acctmiulator.  The  shift  sequence,  further- 

vFrom  the  time  that  period  II  begins  until  Just  sfter  the  first  overdraft,  one 
xxnit  is  added  to  or  subtracted  from  the  lo”  decade  of  the  quotient  in  the  basic 
division  sequence.  After  the  first  shift  sequence,  the  10'  decade  of  the 
quotient  is  worked  on  by  the  divider  etc. 
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TABLE  6-1 
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more,  provides  for  the  subtraction  or  addition  respectively  of  one  unit  first  in 
the  decade  place  in  wliich  twice  the  root  was  previously  increased  or  decreased 
by  two  units  in  the  basic  square  root  sequence  and  then  in  a  decade  place  one 
further  to  the  right.  After  a  shift  sequence  the  basic  square  root  sequence  is 
repeated  until  overdraft  occurs.  Table  6-1  shows  the  contents  of  the  radicand 
accumulator  and  of  the  twice  the  root  accumulator  at  various  times  in  period  II 
of  squa.re  rooting. 

Period  II  is  terminated  and  period  III  initiated  when  an  overdraft 
occurs  and  when  the  divider  and  square  rooter  has  found  the  number  of  places 
(counting  toward  the  right  fbora  the  PM  decade)  of  the  answer  specified  by  the 
setting  of  the  divider-square  root,  and  places  switch  of  the  answer.  In  division, 
period  III  includes  the  shifting  of  the  numerator  one  place  to  the  left  as  in  the 
shift  sequence  of  period  II,  Then,  if  round-off  is  specified  by  the  setting  of 
the  program  control,  the  denominator  is  subtracted  from  or  added  to  the  numerator 
(if  the  numerator's  remainder  and  the  denominator  have  like  or  unlike  signs  re¬ 
spectively)  five  times.  If  overdraft  does  not  result  from  these  subtractions  or 
additions,  the  quotient  is  respectively  increased  or  decreased  by  one  unit  in 
the  last  place  from  the  left  required  by  the  setting  of  the  places  switch. 

Period  III  of  square  rooting  is  similar  to  that  for  division  except  for  two 
details.  In  square  rooting  this  period  covers  the  shifting  of  the  radicand' s 
remainder  and  the  addition  or  subtraction  of  one  unit  in  the  decade  place  of 
twice  the  root  whicl^  in  the  previous  basic  square  root  sequence,  was  decreased 
or  increased  by  two  units.  Also,  in  square-rooting  as  in  division,  if  round-off 
is  specified,  the  contents  of  the  denominator  accumulator  are  then  subtracted 
from  or  added  to  the  contents  of  the  numerator  accumulator.  If  no  overdraft 
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results,  twice  the  root  is  increased  or  decreased  by  two  units. 

Period  IV  is  identical  in  both  division  and  square  rooting.  In  this 
period,  ring  counters  (see  below  and  Section  6.2>)  in  the  divider  and  square 
rooter  are  cleared  and  certain  flip-flops  are  reset  so  as  to  ready  the  divider 
and  square  rooter  for  the  next  progrrjti,  A  program  output  pulse  is  transmitted 
either  to  indicate  the  completion  of  the  operation  or  the  reception  cut  an  inter¬ 
lock  input  pulse  as  well  at  the  completion  of  the  operation.  The  divider-square 
rooter  signals  for  the  disposal  of  the  answer  in  accordance  with  the  setting  of 
the  answer  disposal  switch  at  the  end  of  period  IV  and  the  numerator  and  denom¬ 
inator  accximulators  clear  or  do  not  clear  in  accordance  with  the  settings  of  the 
numerator  and  denominator  accumulator  clear  switches. 

The  events  described  above  are  motivated  by  the  divider  and  square 
rooter's  cwnmon  programming  circuits  (see  Section  6,2),  The  answer  which  is 
accumulated  in  the  quotient  accumulator  in  division  or  in  the  denominator  accu¬ 
mulator  in  square  rooting  is  supplied  by  the  numerical  circuits  (see  Section  6*3) 
of  the  divider  and  square  rooter. 

The  common  programming  circuits  of  the  divider-square  rooter  which  ore 
operated  by  the  program  controls  may  be  divided  roughly  into  3  categories: 
circuits  which  are  concerned  solely  with  programming  within  the  divider-square 
rooter  (internal  programming  circ'jits)j  circuits  which  program  the  associated 
accumulators  as  well  as  other  circuits  within  the  divider  (internal  -  external 
programming  circuits) j  and  circuits  concerned  solely  with  programming  the  accu¬ 
mulators  associated  with  the  divider  and  square  rooter  (external  prograoning 
circuits). 

The  internal  programming  circuits  (see  PX-10-304)  include  the  program 
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ring  circuit,  the  overdraft  circuit,  the  sign  indication  circuit,  the  divide 
flip-flop,  and  the  interlock  and  clear  circuit. 

The  program  ring  circuit  contains  a  flip-flop  called  the  pulse 
source  flip-flop  which  controls  the  emission  of  certain  specialized  pulses  (see 
Section  6.2)  used  only  in  the  divider  and  square  rooter.  ^(Dhich  pulses  are  emitted 
depends  on  whether  division  or  square  rooting  is  the  operation  and  also  on  the 
period  of  the  computation.  The  9  stage  program  ring  directs  the  progress  of 
the  cranputation  by  providing  gates  for  particular  signals  suitable  to  the  phase 
of  the  computation  at  various  times.  The  cycling  of  the  program  ring  is  con¬ 
trolled  by  the  program  ring  flip-flop  and  by  certain  of  the  special  pulses  whose 
omission  in  turn,  is  controlled  by  the  pulse  source  flip-flop. 

The  overdraft  circuit  hf-.s  for  its  purpose  the  sensing  of  overdrafts. 

It  consists  of  a  binary  ring  counter  (called  the  numerator  ring)  for  registering 
the  sign  of  the  numerator.  This  ring  is  cycled  only  during  period  I  and  just 
after  the  numerator  is  shifted  to  the  shift  accumulator  in  periods  II  and  III. 

In  addition  to  the  numerator  ring,  the  overdraft  circuit  has  four  gates  each  of 
which  is  connected  to  a  stage  of  the  nuraerator  ring  and  statically  to  the 
counter  of  the  numerator  accumulator.  As  long  as  the  remainder  from  the  numera¬ 
tor  rerx'ins  the  same  as  it  was  before  an  addition  or  subtraction  of  the  denom¬ 
inator,  this  circuit  emits  an  NO  (no  overdraft)  signal.  When  the  numerator's 
remainder  changes  sign  an  0  (overdraft)  signal  is  emitted. 

The  sign  indication  circuit  compares  the  signs  of  the  numerator  and 
denominator  emitting  a  like  sign  signal  when  numerator  and  denominator  have  the 
same  sign  and  an  unlike  sign  signal  when  tho  signs  of  the  numerator  and  denom¬ 
inator  differ.  The  denomirmtor  flip-flop  in  this  circuit  is  set  only  if  the  •' 
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denominator  is  negative.  The  dcnoiainator  flip-flop  feeds  to  each  of  four  gates 
which  have  for  their  second  input  static  leads  from  the  FM  counter  of  the  numera¬ 
tor  accumulator. 

The  divide  flip-flop  is  used  to  remember  whether  the  operation  being 
performed  is  division  or  square  rooting.  This  flip-flop  affects  programming 
only  during  the  round-  off  period  at  which  time  its  intervention  results  in  the 
omission  of  the  instructions  which  distinguish  period  III  for  division  frean 
period  III  for  square  rooting. 

The  interlock  and  clear  circuit  which  consists  of  the  interlock  flip- 
flop,  the  interlock  coincidence  flip-flop,  the  clear  flip-flop  and  the  various 
gates  operated  ly  these  flip-flops,  during  period  IV,  emits  signals  which  clear 
the  divider  and  square  rooter’s  rings  and  reset  certain  of  its  flip-flops. 

The  circuits  which  are  both  internal  and  external  prograiaaing  circuits 
are  those  containing  thcs  receivers  which,  when  set,  motivate  the  accumulators 
associated  with  the  divider  and  square  rooter  to  perform  certain  suboperations 
involved  in  division  and  square  rooting  and  which  also  stiraultte  other  program¬ 
ming  circuits  within  the  divider  and  squ-are  rooter  to  function  (see  Section  6,2). 
The  receivers  included  in  this  category  are  the  K* 

and  and  receivers.  Signals  from  these  receivers  are  delivered  to  the 
associated  accumulators  by  means  of  special  cables  leading  from  the  quotient 
accumulator  and  shift  accumulator  program  terminal,  the  denominator  and  square 
root  accumulator  program'  terminal,  and  the  numerator  accumulator  interconnector 
terminal  (see  PX-10-301)  to  inter connect or  terminals  on  accumulators  correspond¬ 
ing  to  the  names  of  the  terminals  on  the  divider  and  square  rooter. 
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The  N,^  receiver  stiQnlates  the  reception,  via  the  numerator  accumula¬ 
tor's  y  input  channel,  of  the  denominator  or  the  con^lement  of  the  denominator 
when  either  of  these  quantities  is  trauismitted  from  the  denominator  accumulator 
as  a  result  of  the  setting  of  the  or  Dg  receivers  during  the  basic  division 

or  square  rooting  sequence  of  period  II  or  in  round  off  during  period  III. 

The  ^  receiver  controls  the  reception,  via  the  quotient  accimmlator*  s 
a  channel,  of  the  units  which  are  used  to  form  the  quotient  and  which  are  trans¬ 
mitted  by  the  divider  and  square  rooter  whenever  the  basic  division  sequence  of 
period  II  takes  place  or  at  the  end  of  period  III  in  round  off  programs  if  no 
overdraft  results  from  the  addition  or  subtraction  of  five  times  the  denominator 
from  the  numerator. 

The  Dy  receiver  controls  the  reception  by  the  denominator  accumulator 
via  its  y  channel  of  the  +2  or  -2  units  transmitted  by  the  divider  and  square 
rooter  every  time  the  basic  square  rooting  sequence  of  period  II  occurs  or  in 
period  III  if  no  overdraft  occurs  after  the  addition  or  subtraeticm  of  $  times 
twice  the  square  root  in  period  III  of  round  off  programs.  Another  receiver, 
the  D*y  receiver  also  controls  reception  via  the  denominator  accumulator's  y 
channel  of  numerical  data  which  xiltimately  forms  twice  the  square  root.  This 
receiver,  however,  is  used  to  program  the  reception  of  the  single  unit  (+  or  -) 
transmitted  first  in  a  given  decade  place  and  then  in  a  decade  place  one  further 
to  the  right  during  the  square  rooting  shift  sequence  of  period  II  and  to  program 
the  reception  of  a  single  unit  Just  once  at  the  beginning  of  period  III  fox' 
square  jrooting* 


The  S^,  and  N*y  receivers  control  events  which  occur  during 

the  shift  sequence  of  period  II  and  at  the  beginning  of  period  III  for  either 
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division  or  square  rooting*  The  first  two  receivers  stimulate  the  transmission 
(with  clearing)  of  the  contents  of  the  numerator  accumulator  to  the  shift  acBumui*' 
lator  which  receives  this  data  through  its  a  channel,  A  shifter  which  shifts 
numerical  data  one  place  to  the  left  is  placed  at  the  a  input  terminal  to  accom¬ 
plish  the  shifting  of  the  numerator.  The  numerator  is  then  cleared  out  of  the 
shift  accumulator  and  returned  to  the  numerator  accumulator  via  the  numerator 

accumulator's  y  input  channel  as  a  result  of  the  setting  of  the  S.  and  N' 

AC  y 

receivers. 

The  circuits  which  are  used  solely  for  external  programming  are  the 
nvunerator  and  denominator  accumulator  clear  circuits  and  the  Np, 

receivers  and  answer  disposal  receivers  1,  2,  3,  and  4,  Signals  from  the  external 
programming  circuits  are  delivered  to  the  associated  accumulators  in  exactly  the 
same  way  as  are  the  signals  from  the  circuits  which  are  both  internal  and  exter¬ 
nal  programming  circuits. 

The  Nq  and  Ng  receivers  correspond  respectively  to  the  points  a  and  p 
on  the  numerator  accumulator  receive  switches  and  are  used  to  stimulate  the  re¬ 
ception  of  the  numerator  (or  radicand)  by  the  numerator  accumulator  at  the  begin¬ 
ning  of  a  program.  The  and  receivers  have  a  similar  function.  Whether 
these  receivers  actually  stimulate  reception  through  the  a  or  p  input  channels 
or  through  some  other  channels  depends,  of  course,  on  the  manner  in  which  the 
inter connect or  plugs  of  the  cables  leading  from  the  divider  and  square  rooter  to 
the  numerator  and  denominator  accumulators  are  wired.  The  plugs,  (see  Section  6. A) 
used  at  present,  however,  stimulate  reception  in  accordance  with  the  labelling 
on  the  numerator  accumulater  and  denominator  accumulator  receive  switches. 

The  instructions  given  to  the  quotient  or  denominator  accumulator  as 
a  result  of  the  setting  of  one  of  the  four  answer  disposal  receivers  depend  on 
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the  wiring  of  the  interconnector  plugs  used  to  deliver  the  divider  and  square 
rooter's  progranraing  instructions  to  the  answer  accunulators  (see  Section  6.4)- 
The  answer  is  built  up  in  the  quotient  accunulator  (in  division)  or 
in  the  denominator  accumulator  (in  squsre  rooting)  out  of  numerical  data  produced 
by  the  numerical  circuits  of  the  divider  and  square  rooter.  These  circuits, 
which  are  discussed  in  greater  detail  in  Section  6.3,  include  the  +1,  -1,  +2,  -2 
receivers,  gates  controlled  by  the  above  mentioned  receivers  which  pass  the  1,  2, 
2* ,  hf  9,  or  1*  pulses,  the  10  stage  place  ring,  and  10  pairs  of  digit  output 
gates  with  each  pair  controlled  by  a  stage  of  the  place  ring. 

The  answer  is  formed  one  \mit  (in  division)  or  two  units  (in  square 

rooting), at  a  time  in  a  particular  decade  place  from  the  digit  pulses  passed 

% 

through  the  1,  2,  2' ,  4,  9,  and  1'  pulse  gates  and  routed  into  appropriate 
decade  places  by  the  10  pairs  of  gates  controlled  by  the  places  ring.  Sign 
indication  M  belonging  to  any  coraponent  of  the  answer  is  derived  from  the  9P 
delivered  to  the  FM  lead  of  the  answer  output  terminal  on  the  divider  and  square 
rooter  front  panel, 

6.1.  HiOCaiAM  CONTROLS 

The  divider  and  square  rooter  has  8  program  controls  each  consisting 
of  a  transceiver  with  program  pulse  input  and  output  terminals  on  the  divider 
and  square  rooter  front  panel,  an  interlock  pulse  input  terminal,  a  numerator 
accumulator  and  a  dencaainator  accumulator  receive  switch,  a  numerator  accumulator 
and  denominator  accumulator  clear  switch,  a  divide-squere  root  and  places  switch, 
a  round  -off  switch,  an  answer  disposal  switch,  and  an  interlock  switch. 
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The  Nuiaerator  Accumulator  and  Denominator  Acciimulator  Receive  Switches. 

The  numerator  accumulator  and  denominator  accumulator  receive  switches 
of  the  divider  and  square  rooter  have  the  same  pvLrpose  as  the  multiplier  accumu¬ 
lator  and  multiplicand  accumulator  receive  switches  of  the  high-speed  multiplier 
(see  Section  5.1.).  These  two  sets  of  switches  on  the  divider-square  rooter 
enable  the  operator  to  control  the  stimulation  of  the  reception  of  the  argumentc 
entering  into  a  divider  and  square  rooter  prograia  centrally  at  the  divider  and 
square  rooter  instead  of  locally  at  the  associated  accumulators.  The  instructions 
specified  by  the  setting  of  the  receive  switches  on  the  divider  and  square  rooter, 
however,  are  transmitted  statically  to  the  numerator  and  denominator  accumulator 
via  cables  leading  from  the  denominator-square  root  accumulator  program  tomiinal 
and  the  numerator  accumulator  intcrconnector  terminal  on  the  divider  and  square 
rooter*  s  front  panel  to  interconnector  terminals  respectively  on  the  numerator 
accumulator  and  denominator  accumulator.  It  is  to  be  noted  that  in  the  case  of 
the  high-speed  multiplier,  the  Instructions  set-up  on  the  receive  switches  are 
transmitted  in  pulse  form  from  pulse  output  teiminals  on  front  panel  1  of  the 
high-speed  multiplier  to  program  pulse  input  terminals  on  the  icr  and  icand 
accumulators.  In  the  case  of  the  high-speed  multiplier  it  is  necessary  to  set¬ 
up  ier  and  icand  accumulator  program  controls  corresponding  to  the  Ra— Re  and 
Da  '-  De  terminals  on  the  high-speed  multiplier.  In  the  case  of  the  divider  and 
square  rooter  it  is  not  necessary  to  set  up  program  controls  on  the  numerator 
and  denominator  accumulators  since  the  receive  instructions  are  delivered  directly 
into  the  common  programming  circuits  of  these  accumulators. 

The  numerator  accumulator  and  denominator  accumulator  receive  switches 
differ  also  from  the  high-speed  multiplier's  receive  switches  in  that  the  former 
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offer  the  operator  only  two  options  as  to  the  accumulator  input  cheunnel  through 
which  reception  is  to  take  place.  The  cables  used  to  connect  the  numerator 
accumulator  interconnector  terminal  and  the  denominator  and  square  root  accumu¬ 
lator  program  terminal  to  the  numerator  and  denominator  afxunxilator  interconnect  or 
terminals  have  been  so  wired  that  if  either  or  both  of  the  numex'ator  or  denomina¬ 
tor  accumulator  receive  switches  be  set  to  a  or  p,  the  corresponding  accumulator 
receives  its  argument  through  the  a  or  P  input  channel  respectively  (see  Section 
6,4»9>) • 

If  it  is  not  desired  to  stimulate  the  reception  of  an  argument  on  any 
given  program  or  if  it  is  desired  to  control  the  reception  of  either  or  both 
arguments  for  a  given  program  locally  at  the  appropriate  accumulator  (by  deliver^ 
ing  a  program  input  pulse  to  a  suitably  set*  up  program  control  on  the  accumulator 
either  before  or  simultaneously  with  the  program  input  pulse  that  stimulates  the 
divider  and  square  rooter  program  control),  then  one  or  both  receive  switches  can 
be  set  to  0  (off). 

When  the  receive  switch  of  a  given  program  control  is  set  to  a  setting 
different  from  0,  the  divider  and  square  rooter  emits  the  receive  instructions 
at  the  same  time  as  the  program  control' s  transceiver  is  set  by  the  program  in^ 
put  pulse  so  that  the  accumulator  correlated  with  the  receive  switch  receives 
its  argument  during  the  20  pulse  times  immediately  following  the  reception  of 
a  program  input  pulse  by  the  divider  and  square  rooter  (see  Section  $.2). 

6.1,2.  The  Numerator  Accumulator  and  Denominator  Accumulator  Clear  Switches. 

The  numerator  accumulator  and  denominator  accumulator  clear  switches 
control  the  clearing  of  the  numerator  and  denominator  accumulators  respectively. 
These  switches  have  two  positions:  C  (clear)  and  0  (off).  If  a  clear  switch  is 
set  to  C,  the  clear  circuits  (see  Section  6,2.)  in  the  divider  and  square  rooter 
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edit  a  clear  signal  during  the  last  addition  tino  of  a  program  just  before  the 
transmission  of  a  progrr'm  output  pulse.  This  signal  is  delivered  by  means  of 
static  leads  from  the  divider  and  square  rooter  to  the  FM-Clear  Unit  of  the 
accumulator  corresponding  to  the  receive  sviitch  set  at  C  m  the  addition  time 
at  the  end  of  which  the  divider  and  square  rooter  emits  a  program  output  pulse. 

Since  the  denominator  accumulator  is  used  as  the  answer  accumulator  in 
square  rooting  programs  and  since  answer  disposal  takes  place  in  the  addition 
time  following  the  transmission  of  a  program  output  pulse  (see  Table  6-10),  it 
is  obvious  that  the  answer  would  be  lost  before  it  could  be  transmitted  to  anothe 
unit  if  the  denominator  accumulator  clear  switch  were  set  at  C  for  square  root¬ 
ing  programs.  The  answer  disposal  switch  together  with  a  suitable  adaptor  (such 
as  the  one  shown  on  PX-4-11M  or  PX-4-mC-see  Sfiction  6,4.2)  pl\igged  into  the 
denominator  square  root  accumulator  pr^Jgrfyn  terminal  provide  a  correct  method 
for  clearing  the  denominator  accumulator  without  loss  of  the  enswer,  in  square 
rooting  programs. 

6,1,3,  The  Divide-Souare  Root  and  Places  Switch,;. 

The  divide-square  root  and  places  switch  provides  a  means  of  choosing 
which  of  the  divider  and  square  rooter's  operations  is  to  be  performed  on  a 
given  program  and  of  specifying  the  number  of  places  in  the  answer  (counting 
from  the  counter  toward  the  right  as  seen  from  the  front  of  the  unit)  to 
be  found.  The  five  left  hand  positions  of  this  switch  specify  division  to  4, 

It  8,  9,  or  10  places  and  the  fiye  right  hand  positions,  square  rooting  to  4,  7, 
8,  9,  or  10  places  (see  Section  6,4.3.).  The  number  of  places  chosen  by  the 
operator  for  a  given  program  will  depend  on  the  accuracy  requirements  of  the 
confutation  and  on  the  alignment  of  the  arguments  in  the  argument  accumulators. 
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See  Section  6,4  fez*  ^  discussion  of  the  relatiohship  between  the  location  of 
the  decimal  point  in  the  argument  and\answer  ^idcumulators ^ 

The  setting  of  the  divide<-squ2U'e  root  and  places  switch  like  the 
setting  of  the  significant  figures  switch  of  the  high-speed  multiplier j  has  no 
effect  on  the  putting  in  of  the  I'P  pulse  when  the  answer  is  disposed  "bf  sub- 
tractively  fl'om  the  answer  accumulator.  Which  decade  the  l^F  is  put  into  in 
subtractive  disposal  depends  on  the  setting  of  the  significant  figures  switch 
on  the  answer  accumulator.  If  programs  with  different  round  off  requirements 
are  performed,  it  may  be  necessary  to  supply  the  I'P  at  the  accumulators  which 
receive  complements  from  the  answer  accumulator. 

6.I.4.  The  Round  Off  Switch 

the  round  off  switch  offers  the  operator  a  choice  between  obtaining 
an  answer  rounded  off  (RO)  or  not  rounded  off  (NRO)  to  the  number  of  places 
specified  by  the  setting  of  the  divide-square  root  and  places  switch.  In  general, 
division  or  square  rooting  programs  in  which  10  or  fewer  answer  places  are  re- 
qxiired  will  either  be  performed  with  round  off  or  else  round  off  will  be  taken 
care  of  in  an  accqmulator  after  the  divider  has  found  more  answer  places  than 
are  required.  To  obtain  answers  with  11-19  places  (see  Sections  6.2  and  6.4) » 
two  programs  are  necessary.  The  first  one,  in  which  the  first  10  left  hand 
digits  are  found,  should  be  performed  without  round  off.  The  result  of  the 
second  program  should  be  rounded  off  whether  aa  part  of  the  second  divider  pro¬ 
gram  or  in  an  accumulator  after  the  divider  program. 

It  should  be  noted  that  under  certain  circumstances,  twice  the  square 
root  obtained  through  a  round  off  program  may  be  in  error  by  2  units  in  the  last 
place  found.  For  example,  the  divider  and  square  rooter  produces  the  answer 
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P0002  when  zYo  is  found  to  four  places  in  a  round  off  program.  The  reason  for 
this  slight  inaccuracy  becomes  apparent  when  it  is  remembered  that  round  off  of 
square  roots  as  carried  out  by  the  divider  is  only  approximate.  Let  R  represent 
the  remainder  from  the  radiccjid  and  let  p  +  2x  be  the  number  stored  in  the  denom¬ 
inator  accumulator  at  the  end  of  addition  time  III  -  2  where  2x  is  the  extreme 
right  hand  digit  of  the  answer  found  (so  that,  at  this  time  p  is  the  answer  Ism 
2x) ,  Asstune  that  k  answer  places  have  been  found  and,  for  simplicity,  lot  us 
say  that  the  decimal  point  in  the  numerator  and  denominator  accumulator  occurs 
k  places  from  the  loft.  If  k  is  odd  (so  that  R,  the  remainder  from  the  radicand 
before  round  off,  is  greater  than  or  equal  to  zero)  the  decision  to  change  or 
not  change  the  answer  by  2  units  in  the  last  place  depends  on  whether  R-5p-10x 
does  not  or  does  show  an  overdraft.  If  round  off  were  carried  out  exactly,  the 
quantity  R-5p-10x-2,5  would  be  examined  instead.  Thus,  the  rounded  off  answer 
is  inacuuratfr  when  R-5p-lQx  ^  0  and  when  R-5p-lQx-2,5  <0,  It  can  easily  be  seen, 
then,  that  the  rounded  off  answer  obtained  in  square  rooting  programs  is  correct 
except  when 

0  ^  (5p  *  lOx)  -  |R|  ^2.5  for  an  even  number  of  places 
or  0  ^  !R1  -  (5p  +  lOx)  ^  2,5  for  an  odd  number  of  places 
6.1,5  The  Answer  Disposal  Switch. 

The  answer  disposal  switch  on  the  divider  and  square  rooter  is 
Comparable  to  the  product  disposal,  switch  on  the  high-speed  multiplier  in  that 
the  former  enkbles  the  operator  to  provide  for  the  stimula-tion  of  the  disposal 
of  the  answer  from  the  answer  accumulator  without  the  necessity  of  delivering  a 
program  input  pulse  to  the  answer  accumulator  specifically  for  this  purpose.  The 
answer  disposal  switch  on  the  divider  aid  square  rooter,  however,  offers  the 
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operator  only  4  optional  methods  of  disposal  in  contrast  with  the  6  options  of 
the  product  disposal  switch  on  the  high-speed  multiplier. 

The  answer  disposal  signals  omitted  by  the  divider  and  square  rooter, 
moreover,  are  static  signals  which  are  delivered  to  the  quotient  and/o*f  denomina¬ 
tor  accumulator  by  moans  of  cables  connecting  the  quotient  accumulator  and  shift 
accumul"tor  program  terminal  and/or  the  denominator-square  root  program  terminal 
to  interconnect or  terminals  on  the  quotient  and/or  denominator  accumulator. 

Points  1  and  2  of  the  answer  disposal  switch  refer  to  the  disposal  of  the 
quotient  and  points  3  and  4  tn  the  disposal  of  twice  the  root.  The  exact  meaning 
conveyed  by  their  settings,  however,  depends  on  the  wiring  of  the  adaptors  and 
interconnector  cables  used  to  carry  instructions  from  the  program  terminals  on 
the  divider  and  square  rooter  to  interconnect or  terminals  on  the  associated 
accumulators  (see  Section  6.4.2)  since  the  instruction  signals  are  brought 
directly  into  the  accumulators'  common  programming  circuits.  In  the  high-speed 
multiplier,  on  the  other  hand,  the  instructions  specified  by  the  settings  A,  S, 
AS,  AC,  SC  or  ASC  of  the  product  disposal  switch,  depend  on  the  set-up  of  the 
product  accumulator  program  controls  which  receive  product  disposal  pulses  from 
the  A,  S,  AS,  AC,  SC,  or  ASC  pulse  output  terminals  on  panel  3  of  the  high-speed 
multiplier. 

6.1.6.  The  Interlock  Sv^ltch. 

The  setting  of  the  interlock  switch  determines  the  conditions  for 
the  occurrence  of  the  final  addition  time  of  a  divider  and  square  i^ooter  program 
(i.e,  the  addition  time  when  a  program  output  pulse,  answer  disposal  signal, 
signal  for  clearing  the  argument  accumulator's  and  signals  for  clearing  certain 
circuits  within  the  divider  and  square  rooter  are  emitted).  If  the  interlock 
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switch  is  set  at  no  interlock  (Nl),  the  final  addition  time  occurs  during  the 
second  addition  time  following  the  completion  of  the  actual  numerical  operations 
involved  in  a  division  of  square  rooting  (i.e,  during  the  second  addition  time 
of  period  IV),  If  the  interlock  switch  is  set  at  I  (interlock),  not  only  must 
period  III  be  completed,  but  also  the  divider  and  square  rooter  must  have  re¬ 
ceived  an  interlock  input  pulse  before  the  divider  and  square  rooter  program 
can  be  considered  ccanpleted.  In  the  interlock  case,  the  final  addition  time 
takes  place  during  the  second  addition  time  following  whichever  of  the  2  events 
hereinafter  listed  occurs  later  in  the  cycle  of  operations:  1)  completion  of 
period  III;  2)  the  reception  by  the  divider  and  square  rooter  of  an  interlock 
input  pulse  (see  Table  6-10), 

The  interlock  feature  of  the  divider  and  square  rooter  is  desirable 
when  a  division  or  square  rooting  program  occurs  simultaneously  with  another 
sequence  of  programs  and  is  to  be  followed  b3'’  a  second  sequence  using  either  the 
same  uni.ts  as  are  used  by  the  sequence  in  parallel  with  the  division  or  square 
rooting  or  using  results  obtained  from  the  parallel  seo^uence  and  results  of 
the  division  and  square  rooting,.  By  using  the  final  program  output  pulse  of 
the  sequence  in  parallel  with  the  division  or  square  rooting  as  an  interlock 
input  pulse  and  then  using  the  divider  and  square  rooter’s  program  output  pulse 
as  the  initial  program  input  pulse  for  the  sequence  which  is  to  follow  the 
division,  the  operator  insures  the  completion  of  all  of  the  programs  of  the 
parallel  sequence  before  the  commencement  of  the  second  sequence. 

Had  the  interlock  feature  been  omitted  from  the  design  of  the  divider 
and  square  rooter,  the  operator,  under  the  sane  circumstances  as  those  described 
in  the  previous  paragraph,  would  have  faced  two  equally  disagreeable  alternatives: 
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1)  never  to  schedule  a.  parallel  sequence  lasting  between  the  minimun 
time  to  maximum  time  for  completing  a  division  or  square  rooting 

2)  to  compute  the  maximum  number  of  addition  times  required  to  complete 
the  division  or  square  rooting  program  and  then  to  use  the  final 
program  output  pulse  of  the  sequence  in  parallel  with  the  division 
or  square  rooting  to  produce  eventually  (after  a  delay  consistent 
with  the  maximum  division  or  square  rooting  time)  an  initial  pro¬ 
gram  input  pulse  for  the  second  sequence. 

6.2.  CGUMON  FROGRAUMING  CIRCUITS 

6.2.1.  Status  of  the  circuits  before  a  transceiver  is  stimulated. 

Before  a  program  input  pulse  is  received  by  a  transceiver  to  stimulate 
a  given  program  control,  but  immediately  after  initial  clearing  or  the  con^aletion 
of  a  previous  program,  the  status  of  certain  impoz^ant  components  of  the  divider 
and  square  rooter' s  common  programing  circuits  may  be  sunmarizod  as  follows: 

In  the  program  ring  circuit,  the  pulse  source  flip-flop  and  the  pro¬ 
gram  ring  flip«rflop  are  in  the  so  called  normal  state.  The  program  ring  (whose 
stages  are  designated  by  A,  B,  1,  2,  7)  Is  in  stage  A.  The  observer  view¬ 

ing  the  divider  and  square  rooter  from  the  front  (see  PX-10-302)  observes  that 
the  pulse  source  and  program  ring  flip-flop  neons  are  lit  as  is  program  ring 
neon  A. 

The  numerator  ring  of  the  overdraft  circuit  is  in  stage  P  (the 
corresponding  neon  is  lit)  and  the  denominator  flip-flop  of  the  sign  indication 
circuit  is  in  the  normal  state  (with  the  dencxninator  flip-flop  neon  Ht),  If 
the  previously  completed  program  was  a  square  rooting  program,  the  divide  flip- 


VI  -  20 


flop  is  in  the  noraal  state  and  the  divide  flip-flop  neon  is  off.  Otherwise  this 
flip-flop  is  in  the  abnormal  state  and  its  corresponding  naon  is  on.  The  inter¬ 
lock,  interlock  coincidence,  and  clear  flip-flops  axe  in  the  normal  state  (and 
their  corresponding  neons  are  off) ,  The  receivers  of  the  internal  and  external- 
internal  progrtuiuaing  circuits  are  all  in  the  normal  state  and  the  neons  correspond¬ 
ing  to  them  are  off. 

In  the  numerical  circuits,  the  place  ring  is  in  stage  1  (and  the 
place  ring  neon  numbered  9  on  PX-lO-302  is  on).  The  +2,  -2,  +1,  and  -1  receivers 
are  in  the  normal  state  (and  their  corresponding  neons  are  off), 

6.2.2.  The  Program  Ring  Circuit. 

As  soon  as  a  program  control  of  the  divider  and  square  rooter  is 
stimulated,  period  I  is  initiated.  The  characteristics  of  period  I  as  evidenced 
in  the  divider  and  square  rooter’ s  program  ring  circuit  are  given  in  the  follow¬ 
ing  paragraphs. 

The  pulse  source  flip-flop  remains  in  the  normal  state  so  that  a  1«P 
is  gated  through  F6  to  produce  a  ®  CPP  is  gated  through  FU  to  produce 

a  CP  pulse  every  addition  time.  If  the  program  control's  divide-square  root 
and  places  switch  is  set  at  a  divide  sotting  and  the  round-off  switch  at  round¬ 
off  or  no  round-'off,  then  GP  is  gated  through  K6  or  L6  respectively  to  produce 
a  divide  pulse  (dP);  if  the  divide-square  root  and  places  switch  is  set  at  a 
square  root  setting  and  the  round  off  switch  at  RO  or  NRO,  GP  is  gated  tte-ough 
K3  or  lij  respectively  to  produce  a  square  root  pulse  (SRP), 

During  period  I,  also,  the  program  ring  flip-flop  remains  in  the 
normal  state  so  that  DP  or  SRP  is  gated  through  AlO  or  All  respectively  to  cycle 
the  program  ring  1  stage  per  addition  time. 
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In  the  third  addition  tine  of  period  I,  the  program  ring  is  in  stage  1, 
A  signal  from  this  stage  gates  a  (P  through  gates  and  through  B?  clearing  the 
program  ring  back  to  stage  A  and  flipping  the  program  ring  into  the  abnormal 
state  at  the  end  of  addition  tine  3«  This  marks  the  termination  of  period  I 
for  division}  period  I  for  square  rooting  lasts  one  addition  tine  longer.  (See 
Table  6-4  and  Table  6-7) • 

During  period  II  the  pulse  tource  flip-flop  remains  in  the  normal 
state  so  that  GrP,  I'P^  and  eitheb  DP  or  SRP  continue  to  be  emitted  at  the  end 
of  every  addition  time.  Since  the  program  ring  flip-flop  is  in  the  abKornal 
state  (and  gates  AlO  and.  All  are  closed)  neither  DP  nor  SRP  can  cycle  the  program 
ring.  The  prograjn  ring,  therefore,  continues  to  register  stage  A  throughout 
this  period. 

Period  II  is  terminated  and  period  III  initiated  when  an  S  pulse 
(this  is  a  pulse  produced  by  the  divider  and  square  rooter  when  a  shift,  sequence 
is  about  to  begin  -  see  below)  is  gated  through  E6  as  a  result  of  the  coincidence 
of  a  signal  from  the  stage  of  the  pli.ce  ring  corresponding  to  the  places  setting 
of  the  divide-square  root  and  places  switch  and  a  signal  from  this  sane  switch. 

The  pulse  produced  in  this  way  is  designated  on  PX-10-304  by  the  symbol  SS, 

The  SS  pulse  flips  the  pulse  source  flip-flop  into  the  abnormal  state. 

During  period  III,  then,  and  GP  (and  therefore  either  or  SRP) 

cease  to  be  emitted.  Instead,  a  CPP  is  gated  through  F5  at  the  end  of  every 
addition  time  to  produce  a  pulse  designated  by  III  P,  III  P  cycles  the  program 
ring  1  stage  per  addition  time  during  period  III.  Also,  if  the  round-off  switch 
has  been  set  at  RO,  III  P  is  gated  through  K4  or  K5  (when  the  divider-square 
root  and  places  switch  is  set  respectively  at  a  square-rooting  or  division  point) 
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t")  produce  a  round  off  pulse  (ROP)  at  the  end  of  every  addition  tine  in  period  III 
Notice  that  ROP  is  endtted  only  if  round  off  is  to  take  place^ 

Period  III  is  terminated  when  the  program  ring  has  been  cycled  through 
its  9  stages.  Period  IV  is  initiated  when  a  CPP  is  gated  through  L5O  to  produce 
an  F  pulse  and  through  E3  to  produce  an  pulse.  The  F*  pulse  resets  the  pulse 
source  flip-flop  into  the  normal  state  so  that  in  period  IV  (as  in  periods  I  anc: 
II)  l'Pj^>  GP  and  SRP  or  DP  are  emitted, 

6.2,3,  The  Interlock  and  Clear  Circuit. 

The  F  pulse  sets  the  interlock  coincidence  flip-flop.  Then  the  next 
CPP  gated  through  J49  if  the  interlock  switch  is  set  at  I  and  the  interlock  flip  • 
flop  has  been  set  as  a  result  of  the  reception  of  an  interlock  input  pulse  is 
gated  through  H50  (controlled  by  the  interlock  coincidence  flip-flop).  The 
signal  gated  through  H5O  resets  the  interlock  coincidence  flip-flop  and  sets  the 
clear  flip-flop.  The  setting  of  the  clear  flip-flop  results  in  the  emission  of 
a  reset  signal  for  the  transceiver  and  the  emission  of  the  CL  and  CL'  pulses. 

The  CL  and  CL'  pulses  are  responsible  for  the  condition  of  the  program  ring 
circuit,  the  place  ring,  the  numerator  ring,  and  the  denominator  flip-flop  prior 
to  the  coramoncement  of  a  divider  and  square  rooter  program  (see  Section  6,2,1), 


*  It  is  to  be  noted  that  the  interlock  flip-flop  is  insensitive  to  which  of  the 
8  interlock  input  terroinals  has  been  pulsed.  An  interlock  input  pulse  received 
at  any  of  the  interlock  input  terminals  sets  this  flip-flop  regardless  of  which 
program  control  on  the  divider  and  square  rooter  has  been  stinuloted*  This 
flip-flop  is  also  insensitive,  in  some  respects,  to  the  time  of  reception  of 
the  interlock  input  pulse.  An  interlock  input  pulse  received  any  tirae  after 
the  completion  of  one  divider  and  square  rooter  program  (and  this  nay  even  be 
before  the  stimulation  of  the  next  divider  and  square  rooter  program)  serves 
to  flip  the  interlock  flip-flop  for  the ’next  divider  ond  square  rooter  program, 

•SHt  The  only  distinction  between  CL  and  CL’  is  that  CL'  is  taken  off  before  buffor 
E46  and  CL  after  the  buffer. 
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'6.2,4.  The  Overdraft  and  Si;Tn  Indication  Circuits. 

The  overdraft  and  sign  indication  circuits  receive  the  information 
upon  which  they  operate  (in  the  case  of  the  overdraft  circuit,  the  sign  of  the 
contents  of  the  numerator  accumulator  and  in  the  case  of  the  sign  indication 
circuit,  the  sign  of  the  denominator)  by  means  of  static  leads  from  the  numera¬ 
tor  and  denominator  accumulatorfe*  FM  coiinters.  The  N“  and  N'*'  lines  carry  sign 
signals  if  the  contents  of  the  numerator  accumulator  are  respectively  negative 
■or  positive.  The  D“  line  delivers  a  signal  to  gate-  B1  of  the  sign  indication 
circuits  only  if  the  denominator  is  negative. 

The  overdraft  circuit  consists  of  a  numerator  (binary)  ring  whose 
stages  represent  sign  P  and  sign  M  and  4  gates  (FI,  F2,  Gl,  G2),  Each  of  the 
4  gates  receives  one  input  from  the  numerator  ring  and  the  other  from  either 
the  N  N  line.  The  gates  FI,  F2,  Gl,  G2  may  be  thought  of  as  (M,  N”), 

(M,  N*),  (p,  FT),  and  CP>  N^)  gates  where  the  first  symbol  in  a  parenthesis 
designates  the  stage  of  the  numerator  ring  and  the  second  the  numerator  sign 
line  to  which  the  gate  is  connected. 

The  numerator  ring  clears  to  stage  P  at  the  end  of  a  program  and,  in 
the  midst  of  a  program,  can  be  cycled  only  during  period  I  or  at  specific  times 
in  periods  II  and  III,  In  period  I,  when  the  program  ring  is  in  stage  B,  a  GP 
is  gated  through  D6,  the  resulting;  signal  is  gated  through  K1  to  cycle  the 
numerator  ring  from  stage  P  to  M  only  if  the  numerator  is  negative.  During 
period  II  and  III,  the  nmerator  ring  can  be  cycled  only  when  LI  opens  to  pass 
a  CPP,  Gate  LI,  however,  is  open  only  when  the  receiver  is  set  and  this 
receiver  is  set  only  after  an  overdraft  has  occured. 

Thus,  the  4  gates  receive  information  about  the  current  sign  indica- 
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tion  of  the  contents  of  the  numerator  accumulator  over  the  static  leads  from 
the  numerator  accumulator's  FM  circuit.  The  numerator  ring,  on  the  other  hand, 
registers  the  sign  of  the  contents  of  the  numerator  accumulator  before  the 
denomiiiator.  is  either  subtracted  from  or  added  to  the  contents  of  the  numerator 
accimiulator.  The  k  gates  in  the  overdraft  circuit  compare  the  current  with  the 
past  sign  of  the  contents  of  the  numerator  accumulator.  The  coincidence  of 
signd.ls  to  gate  FI  (M,  N“)  or  G2  (P,  N^)  leads  to  the  emission  of  an  NO  signal. 
Similarly  gate  F2  or  Gl  emits  an  0  signal  upon  the  coincidence  of  signals  on 
both  inputs, 

As  long  as  an  NO  signal  is  emitted  the  basic  operation  sequence  of 
period  II  is  performed,  V/hen  an  0  signal  is  emitted,  the  basic  operation 
sequence  is  interrupted  either  by  a  shift  sequence  or  by  the  initiation  of 
period  III,  The  0  and  NO  signals  produce  these  results  by  inhibitory  actions 
since  no  inverters  intervene  between  the  gates  of  the  overdraft  circuit  and  the 
gates  to  which  0  and  NO  are  delivered.  When  NO  is  emitted,  gate  D12  is  closed 
and  gate  Dll  passes  a  signal  which  gates  a  GP  through  D9.  The  resulting  pulse 
is  designated  by  P,*  The  P  pulse,  in  period  II,  initiates  the  basic  operation 
sequence;  and  in  period  III,  initiates  the  5  subtractions  or  additions  of  the 
denominator  to  the  contents  of  the  numerator  accumulator  by  setting  the  Ny  re¬ 
ceiver  and  either  the  D  or  D  receiver.  In  period  III,  moreover,  when  NO  is 

o  A 

■HThe  P  pulse  is  produced  in  other  ways  when  the  sensing  of  overdraft  is  ir¬ 
relevant  or  \innecessary.  At  the  end  of  period  I  in  division,  a  signal  from 
stage  1  of  the  program  ring  gates  DP  through  B8  to  produce  a  P  pulse,  also, 
after  shifting  of  the  numerator  accumulator' s  contents  in  period  II,  a  signal 
from  the  N^y  receiver  gates  a  GP  through  C9  to  produce  a  P  pulse.  In  period  III, 
the  P  pulse  is  produced  when  a  signal  fr.m  stage  B  of  the  program  ring  gates  an 
HOP  Jihrotigh  C8. 
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emitted,  gate  K12  passes  a  signal  (emitted  when  a  signal  from  stage  6  of  tha 
program  ring  opens  gate  J13  so  that  an  ROP  can  pass)  which  motivates  the  cor¬ 
rection  of  the  answer  in  accordance  with  the  state  of  the  divide  flip-flop 
(see  Section  6,2.4).  VYhen  the  0  signal  is  emitted,  gates  t)ll  and  K12  are  closed 
and  gate  D12  passes  a  signal  from  the  or  receiver  which,  in  turn,  gates 

a  CP  through  £9  to  produce  an  S  pulse.  The  S  pulse  motivates  the  shift  sequence 
of  period  II  or,  when  gated  through  E6  to  produce  an  5S  pulse  (see  Section  6,2.2) 
initiated  period  III. 

The  sign  indication  circuit  is  quite  similar  to  the  overdraft  circuit 
in  its  components  and  functioning.  This  circuit  consists  of  4  gates  (Dl^r  D2, 

El,  E2)  aud  a  flip-flop,  the  denominator  flip-flop.  Each  gate  is  connected  to 
one  of  the  2  output  leads  from  the  denominator  flip-flop  and  to  either  the  P  or 
U  stage  of  the  numerator  ring.  The  denominator  flip-flop  is  in  the  normal  state 
when  a  program  commences  and  can  be  flipped  into  the  abnormal  state  to  remonber 
the  fact  that  the  denomiitator  is  negative  at  only  one  specific  time^  in  the 
cotirse  of  a  divider  and  sc^uare  rooter  program.  This  one  specific  time  is 
addition  time  2  of  period  1  when  gate  D6,  held  open  by  a  signal  from  stage  B 
of  the  program  ring,  passes  a  GP  which  can  then  pass  through  fate  B1  to  flip 
the  denominator  flip-flop  if  %he  contents  of  the  denominate  accumulator  are 
negative.  Once  flipped,  the  denominator  flip-flop  remains  in  the  abnormal  state 
until  reset  by  CL  in  period  IV. 

If  the  denominator  is  positive  (and  therefore  the  denoninator  flip- 
flop  is  in  the  nomal  state)  and  the  contents  of  the  numerator  accumulator 

*It  is  for  this  reason  that  the  divider  and  square  rooter  is  unable  to  find 
the  real  coefficient  of  i  when  the  radicand  is  negative. 
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before  a  subtraction  or  addition  of  the  denwninator  are  positive  or  negative, 

(so  that  the  numerator  ring  registers  P  or  M  respective!/),  then  gates  El  or 
£2  respective!/  emits  a  like  sign  or  unlike  signal.  Similar!/,  gates  D2  and 
D1  emit  a  like  or  unlike  sign  signal  respective!/. 

The  like  and  unlike  sign  signals  are  also  delivered  to  gates  without 
the  intervention  of  inverters  so  that  these  signals,  like  the  0  and  NO  signals, 
produce  their  effects  by  an  inhibitory  action. 

The  like  sign  signal  closes  gate  Bll  so  that  gate  BIO  passes  a  P 
pulse  (see  Section  6.2,/,)  which  sets  the  receiver.  The  unlike  sign  signal 
closes  gate  BIO  so  that  gate  Bll  passes  a  P  pulse  which  sets  the  receiver  i 

The  coincidence  of  like  or  unlike  sign  signal  and  a  signal  from  the  round  off 
flip-flop  also  determines  which  receivers  of  the  internal  -  external  progranming 
circuits  and  of  the  numerical  circuits  are  set  in  period  III  (see  Section  6,2,7). 
6.2,5,  The  External  -  Internal  Programming  Circuits, 

A  program  input  pulse  delivered  to  a  program  pulse  input  terminal  of 
the  divider  and  square  rooter  immediately  passes  through  the  numerator  and  de- 
noninator  accumulator  switches  whence  it  sets  the  or  and  or 
receivers.  Thus,  during  addition  time  1  of  period  I,  the  numerator  and  denom¬ 
inator  accumulators  receive  their  arguments  if  this  reception  is  controlled  by 

■M- 

the  divider  and  square  rooter.  At  the  end  of  addition  time  1,  a  CPP  resets 
these  receivers  and  they  do  not  function  again  in  any  subsequent  period  of  the 
program. 

The  Ny  and  or  Dg  receivers  function  during  period  II  and,  if  round 

off  is  specified,  during  period  III,  The  P  pulse  (see  Section  6,2.4)  sets  the 

receiver  at  the  same  time  that  it  sets  the  or  Dg  receiver  (depending  on 

*  The  arguments  may  of  course,  be  received  prior  to  this  if  their  reception  is 
controlled  locally  at  the  accumulators. 
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vrhether  the  unlike  or  like  sign  signal  Is  being  emitted.  During  period  II, 
GP  resets  these  receivers  one  addition  time  after  they  have  been  set*  In 


period  III  of  round*  off  programs. 


the  N  and  D  or  D  receivers  remain  set 
y  A  S 


throughout  addition  times  3,  4,  5,  6,  and  7.  At  the  end  of  addition  time  7 


an  HOP  gated  through  D4  by  a  signal  from  stage  5  of  the  program  ring  resets  these 


receivers.  Thus,  the  denominator  is  subtracted  from  or  added  to  the  contents 


of  the  numerator  accumulator  5  times  in  round  off  programs. 


During  period  II,  when  DP  or  SRP  is  being  emitted,  the  setting  of  the 
Ny  receiver  leads,  one  addition  time  later,  to  the  setting  of  the  (if  DP) 
receiver  or  the  Dy  (if  SRP)  receiver.  Simultaneous  with  the  setting  of  the 
receiver,  DP  sets  the  receiver  if  the  Dg  receiver  was  previously  set  or  the 
-1  receiver  if  the  D^  receiver  was  previously  set.  Similarly,  in  square  rooting 
programs,  the  ■*-2,or  >2  receiver  is  set  at  the  same  time  as  the  D^  receiver  is. 

During  period  III  of  round  off  programs,  the  settli^  of  the  D^  or 
receiver  does  not  result  from  the  setting  of  the  N  receiver,  but,  instead, 

y 

takes  place  if  a  ROP  is  gated  through  K12  because  NO  is  emitted.  The  ROP  is 


then  routed  to  set  either  the  D^  or  ^  receiver  by  means  of  gates  controlled 

by  the  round  off  flip-flop.  This  same  ROP  and  other  gates  controlled  by  the 

round  off  flip-flop  effects  the  setting  of  the  +2  or  -1  receiver  (if  the  Dg 

receiver  was  set  during  addition  times  3-7)  or  tbe  -2  or  -1  receiver  (if  the 

D.  receiver  was  previously  set). 

A 

During  period  II,  the  emisslcm  of  an  0  signal  leads  to  the  emission 
of  an  S  pulse  (see  Section  6.2.4) •  The  S  pulse  sets  the  and  receivers. 

A  GPP  gated  tlurough  K7  as  a  result  of  the  setting  of  the  S  receiver  causes  the 
setting  of  the  ^AC  and  N*  receivers.  Thus,  in  either  division  or  square  rooting. 
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the  shifting  of  the  contents  of  the  numerator  accumulator  one  place  to  the 
left  is  provided  for. 

The  S  pulse  also  sets  the  receiver  and,  gated  through  G9  or  H9 
by  a  signal  from  the  +2  or  -2  receiver  respectively,  sets  the  -1  or  +1  receiver. 
The  receiver  and  the  +1  or  -1  receiver  remain  set  for  2  addition  times  in 
period  II  for  square  rooting.  They  are  reset  when  a  CPP  is  gated  through  C13 
after  the  NO  state  of  affairs  is  restored  in  the  overdraft  circuit ,  Since  the 
D'y  and  +1  or  -1  receivers  remain  set  for  2  addition  times  and,  since  the  plase 
ring  is  not  cycled  until  the  second  addition  time  {see  Section  6.3)»ttbe  cor¬ 
rection  of  twice  the  root  as  described  in  Section  6,0  (a  change  of  one  unit 
first  in  one  decade  place  and  then  in  a  decade  place  one  further  to  the  right) 
takes  place.  It  is  to  be  noted  that  in  period  II  for  division,  the  D'^  receiver 
is  set  but  that  there  is  nothing  for  the  denominator  accumulator  to  receive  at 
the  time  since  neither  the  +1  nor  tie  -1  receiver  is  set  in  division.  DP  resets 

the  D>  receiver  in  the  division  case  one  add. time  after  its  setting, 

V 

At  the  beginning,  of  period  III,  also,  the  S  pulse  sets  the  and 

receivers  and  one  addition  time  later  the  ®AC  and  receivers  are  set.  In 

period  III,  the  D'y  receiver  is  set  and  either  the  +1  or  the  -1  receiver  is  also 

set  in  the  case  of  a  square  rooting  program.  It  is  to  be  noted,  however,  that 

III  P  resets  the  D'  receiver  and  the  ♦1  or  -1  receiver  one  addition  time  after 

y 

their  setting  in  period  III  so  that  twice  Uie  square  root  is  corrected  by  only 
one  unit  in  the  last  answer  place. 

When  the  clear  flip-flop  is  set  (see  Section  6,2,3),  Gate  62  in  the 
transceiver  emits  a  signal  which  has  3  effects;  1)  passing  hhirough  the  answer 
disposal  switch,  it  sets  the  answer  disposal  receiver  (l,  2,  3,  k)  specified 


VI  -  29 


by  the  setting  of  this  switch^  2)  passing  through  the  numeretor  and  denominator 
accumulator  clear  switches,  it  allows  the  carry  clear  gate  to  pass  through  gate 
kU9  (if  only  the  denominator  accumulator  is  to  bo  cleared),  through  gates  A48 
and  B49  (if  both  the  numerator  and  denominator  accumulators  are  to  be  cleared), 
or  through  gate  B48  (if  only  the  numerator  accumulator  is  to  be  cleared);  3)  it 
gates  a  CPP  through  68  to  provide  the  transceiver*  s  reset  signal  and  a  program 
output  pulse. 

Thus  clearing  of  the  numerator  and/or  denominator  accumulators  takes 
place  a  little  prior  to  the  emission  of  a  program  output  pulse  and  answer  dis¬ 
posal  signal, 

6,2.6,  The  Divide  Flip-Flop. 

The  divide  flip-flop  is  set  or  reset  during  period  I  of  divider  and 
squeire  rooter  programs.  In  division  programs  DP  flips  this  flip-flop  into  the 
abnormal  state  (and  turns  on  the  corresponding  neon);  in  square  rooting  programs, 
SRP  resets  this  flip-flop  if  it  was  previously  flipped  into  the  abnormal  state 
in  a  division  program. 

The  effects  of  this  flip-flop  on  the  divider  and  square  rooter' s 
common  programming  circuits  become  apparent  in  addition  time  8  of  period  III 
for  round  off  programs  when  an  HOP  is  gated  through  J13  by  a  signal  from  stage 
6  of  the  program  ring.  If  the  signal  from  gate  J13  is  gated  throixgh  K12  as  a 
result  of  the  emission  of  the  NO  signal,  then,  in  the  division  case,  this  signal 
is  gated  through  JIO  to  set  the  Qjj  receiver  and  through  gate  J8,  The  signal 
from  gate  J8  is  gated  through  G8  to  set  the  +1  receiver  or  through  gate  H8  to 
set  the  -1  receiver  when  the  like  or  unlike  sign  signal  respectively  is  emitted. 
Similarly,  in  the  square  rooting  case,  the  receiver  is  set  by  a  signal  gated 
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Baqulraa  ttkaa  addition  tiaeai  1-3 

Idd. 
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(and 

Pkog. 

Mng 

■taga) 

Slgual 

1  Effeet 

1 

!  •  : 

t 

Oommant  - 

0  '  1)  Input  pulna 

(Jf) 


1  1)  CPP 

; 


i  m.)  S«tB  traiwaaim  In  tli*  divldar 
j  b)  Sats  Bg  cr  lad/ar  or  rowirnro 


1)  Qntad  through iMl^by  a.  elpuil  frau  tha 
pulaa  Bouroa  fllp-riop  (In  tha  nonal 
atata)  produoaa  a  QP  pulaa. 

js)  Oatad  through  XS  or  QS  iroduoas  a  DP 
pulaa. 


.  bO  Tha  nuOTatur  and/or  danomlnator  are  than 
raoalaad  bp  tha  owaratv  and/or 
tor  .aooanulator  reapaotiaaly  In'add^tlha  1. 

1)  Thla  affaot  oocura  In  arary  anbaaquonfe 
add.  tlitia  of  a  dlrlalon  jrogran  aaceapt 
durli^  parlod  ill. 

!a)  Thia  affaot  oeeura  In  arary  aubaaquank 
add,  tljna  of  a  dWlaion  jrograa  axeapt 
during  period  III. 


a)  Oatad  throu^  hlol  by  a  slpial  froa  the  ■■  a) 
program  ring  fllp.flop,  eyelea  tha 
prograa  ring  to  ataga  B, 

b)  Soto  tha  divide  fllp-Jlep  If  thla  flip*  [  b)  Thla  tuma  on  the  divide  flip>flep  neon, 
flop  la  In  tha  nonnal  atata. 


Z  '1)0?  gated  through  |D6I  by  1)  la  than  gated  through  gata  by  tha  ir 
a.  algMl  ft-om  ataga  B  alsial  ao  that  tha  nuaarator  binary  ring 


of  the  program  ring. 


2)  D~  ligial 


la  cyolad  to  atage  U  in  the  event  that 
the  numerator  la  nagatlva. 

'3)  la  {pitad  through  IffI  bv  the  output  of  gate  3)  Thla  turna  off  tha  danomlnator  flip-flop 
0,  Output  of  gate  seta  the  danmlnatn-  noon, 
flip-flop  In  the  event  that  the  denomi¬ 
nator  la  negative  | 

’3)  Cyulaa  the  prograa  ring  to  ataga  1 


!  a)  Oatad  through  @  by  a  algnal  fTon  ataga 
1  of  tha  program  ring  produaea  a  P 
pulaa 


a)  Seta  tha  Ry  reoaiver 

b)  dated  through  BIO  whan  tha  like  algn 
algtal  olesaa  Bll  aata  tha  Dg  reeelvar 
ar  gated  throui^  Bll  whan  tha  unlike 
alga  eloaea  BlO  Beta  the  Oj^  reoalvwr. 


a  and  ta]  Then  during  add,  tine  *.  the  nuaiere-  ' 
tar  aoouDulator  raeelvaa  either  the  aomple—  ; 
ment  of  tho  donomlnator  or  tha  denoralaatM'.  ; 
At  the  and  of  add,  tine  4,  OP  raaata  theae  ^ 

raeeivara. 

tha  Batting  of  thaan  raealvara  la  the 
event  desor  Ibad  ( In  tha  table  for  per  lod  11): 
a*  oeeurrlng  In  add.  time  d=3'f8n  for  hbo. 


I  a)  Oatad  througi  ^  by  a  a  ignal  from  stage 
1,  olaara  the  program  ring  to  atege  A. 
b)  dated  through  fllpa  the  program  ring 
flip-flop. 


b)  The  program  ring  flip-flop  noon  is  tunnil 
off  at  this  time. 


♦  I  1  refara  to  'pta*. 


4 


p^-i'M^Ob 


I 
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Requlras  teo  add.  tljwai  d«l  and  d'^ 


'^Add. 

'ijlma 

(and 

Prog. 

Bing 

Stug*)! 


Slgoal 


!  Par 
For  ii>o. 


Effect 


nso,  tble  add.  tloe  is  ooiintad  as  fart  of  period  I 
this  add.  time  colncidea  with  add.  tims  S'fS  cf  period 
or  add.  time  d+2  of  period  1 


Coomsiit 


11 


d 

for  j 
n=o  ' 
For 
.  mo 
I  see 
period! 

i  1 


;(A) 


1)  F  pulse  derieed  frcm 
CP  gated  through IdsI 
as  a  result  of  the  oo- 
Inoldenoe  of  ths  HO 
slgaul  and  u  signal 
from  the  ^  racalTer, 
or  OP  gated  tiirough  ^ 
bp  a  signal  from  ths 
n*Y  reoeieer. 
or  (see  period  I)  Dp 
gated  through  'Ell  by  a 
signal  from  stage  1 
of  the  program  ring. 


I  a)  Sets  the  Ihr  reoslver. 
b)  Qated  through  IBj^l  vifaen  the  like  sign 
signal  closes  5ll.  ?  sets  tie  Oii 
receiver  or  gated  through  !BI1  Tdien  the 
unlike  sign  signal  cloaes  'QlOi,  P  sets 
the  D^  receiver. 


1)  During  £dd^_£JimB_d^,  then,  the  numerator 
accumulator  reoalaes  either  the  conjplement 
of  the  denominator  (when  th^  numarator  and 
denomlmtor  liave  the  same  algos)  or  the 
denominator  (-.Then  the  numerator  and  deno¬ 
minator  have  unlike  signs).  'Jhlls  these 
receivers  are  set,  ths  corresponding  neons 
are  on,  .it  the  these 

reoelverS  ore  reset  by  a  QP. 


1 


d+1  j  1)  DP 


CA) 


1)  _ 

a)  Oated  through  'LlOl  by  a  signal  frou  the 
Hy  receiver,  sets  tlie  Qq  receiver. 

b)  Gated  through  gllj  by  a  signal  froiL  the 
'  Dg  receiver,  ^s  the  +1  receiver  or. 

gated  tla*ougl~.  iillli  by  a  slgnul  from  t^ 
Dj^  receiver,  sets  the  -1  receiver. 


!1)  During  add,  time  d.<-3.  then,  the  quotient 
i  accumulator  receives  1  in  a  given  decade 
place  df  tbs  dencmlnutor  was  subtracted 
Cram  the  numerator  or  receives  the  comple¬ 
ment  of  1  if  the  denominator  was  previously 
added  to  tlie  luaaerator.  The  neons  corres¬ 
ponding  to  these  receivers  are  on  os  long 
as  the  receivers  are  set.  The  rooelvor 
is  reset  by  a  CTF  and  the  +1  or  -1  receiver 
Is  reset  by  a  OF  at  tlie  and  of  add,  tb:.e 
d+a. 


SHIFT  d!:  ;ui:::cs 

Requires  tiro  add.  times  t  s+1,  srZ 


paa-.-f-  ■  - ■■■  . ~T 

ItIes  I  ; 


'this  add.  time  coincides  with  add.  tine  d*9  above 


I  1)  S  pulse  produced  whan 
a  OP  is  Rated  throu^ 
^9{  BS  a  result  of  the 
coiaeidenee  of  an  0 
signal  and  a  signal 
I  fren  the  ^ .  receiver. 


B*1  '1)  Signal  fror.)  the 

I  receiver. 

(A)  i 


a)  Sets  the  Su  and  me  receivers. 


I  h)  Sets  tbh  D'y  receiver. 


.  C)  If  gated  througli  ITBi  as  a  result  of  the 
coincidence  of  sl^piuls  from  tho  places 
switch  and  nlaoo  ring,  produces  an  SS 
pulse  (see  Table  6-6). 

1) 

a)  Gates  I'P,  through  itdSi  to  produce  I'Pjj 
lAioh  oycles  the  place  ring  1  stage. 

b)  Gates  a  CPF  through  i^|  so  that  the 
liumorator  binary  ring  is  cycled  1  stage. 

!  c)  Oates  a  C?P  tiirougti  so  that  the  ii'y 
and  reeelvors  arc  set. 


a)  During  add,  time  s-fl.  tha  numerator  is 
transmitted  (v/lth  clear hig)  from  the 
DUEwratCf  aocimulu'tor  imd  received  in  ‘tha 
shirt  «cei]fflttlat9r»  At  the  of  fl.dd| 
tine  s-fls  n  CFI-  resets  the  receiver 
end  receiver. 

b)  There  la  no  nuMrlcel  eXTect  on  the  dlvl- 
sloii  frail  the  sotting  of  the  receiver 
since  there  is  no  data  for  the  ciencciiniitor 
acouTnulator  to  rece  ive  during  add^ 

a-fl.  This  receiver  Is  reset  at  t2»e  end 
adda  a.1.1  by  a  Of. 

c)  SS  pul&e  tarmlneiies  period  II  end 
lAltiates  period  III. 


1) 

a) 

b)  ^'js  a  result  0  ceases  to  be  emitted  and  ;k) 
la  emitted  Instead, 

I  o)  Then  the  shift  accu.'aulator  transmita  (and 
claare)  its  contents  to  ths  numerator 
aocisiiulator  djy|£^ng_addf_j^lm2_s*£,  At  ths 
end  of  add,  time  m*Z.  a  CPF  resets  tha 
I  B'y  sod  reeelvsrs. 


Ti&U  6-e 

DmSICfl  FiaiOD  III  .  ROUHD  OFF  OK  K>  tOtm  OFF 

Jtma  fAlanat  anljr  '*«  tha  rond-afr  OMa  ani  «li«lad 
lafalTM  9  add*  iiaaai  1-0 


lUa  add.  tsaa  aalaeldai  with  add.  tlaa  d+S  af  parlad  II 


1)  8  pulaa  produsnd  itei 

« 

n  OP  is  ^tnd  bhrotii^ 

a)  Sate  tha  8a  and  Ijgj  raoalwars. 

BW  nc  n  w ult  of  tho 
•olna  ldonDo  af  an  0  - 
atpial  aad  n  algaal 

Area  iba  raoatwar. 

1  b)  Bata  tha  tFy  racaiwar. 

lip  SS  pulaa 

e)  Oatad  through  19  >  raault  of  tho 

ealaaldenaa  of  al0inlB  fren  tha  plaaaa 
anlteh  aad  plana  ring,  produnaa  an  SS 
P^a. 

8)  Sots  tha  pulaa  aauroa  flip-flop. 

111  OFF 


1)  III  P 
|r>)  RCF 


il)  III  P 


1)  III 


1)  III  P 


'l)  III  F 

1)  SOP 

2)  III  P 

( 


1)  33? 


a)  Oatad  through  CD  by  a  aignal  frm  tfaa 
Sarosalnr,  ayelaa  tha  auaarator 
binary  ring. 

b}  Oatad  through  @  by  a  alg^l  from  tha 
S^raoalvar,  aota  tha  and  H'y 
racalwara. 


a)  Oatad  by  ^  yroduoaa  a  III  F  pulaa. 


a)(^tad  by  Ida  produoaa 


b)  etyeloa  tha  program  ring  to  atage  B 
a)  Raaata  tha  D'y  rooalaar. 

'  ^j-olaa  j-ri^rEja  ri";:  to  1 

)  through  ^  py  a  irof,.  otfc, 

of  the  fro^rEJ-.irjMluCeS  a  P  rulsc. 


a)  ""-yr  than,  tha  amarator 

aaodnalator  tranaalta  (aad  gloara)  Ita. 
oantaata  to  tha  ahlft  aoMwilator.  A  OFF 
roaata  thaaa  raoalTara  la 

b)  SlBoa  »**«  tlaa  1.  thara  la  no 

BMerlaal  data  on  tha  tray  fboa  ahteh  tha 
Dy  ohaaiwl  raeolTaa,  thara  la  no  nundrlaal 
raaolt  froB  1  b). 


}  At  thla  tlaa*  tha  polaa  aourea  fll^flop 
noon  la  turnod  off. 


a)  So  that  SO  oaaaaa  to  ba  aalttad  and  0  la 
enlttad  hy  tha  alga  Indloating  olroult. 

b)  So  that,  ‘during  *1—  *he  nwantor  ! 
aooioulatar  raoalraa  tha  niabar  tranamlttad 
(with  elaarlng)  fren  tha  ahlft  aoeiBulator. 
At  the  end  of  add,  tlna  «.  tboaa  raealTora 
ara  raaat  by  a  CPF. 

o}  Thla  pulaa  la  produced  In  aaery  aubaaquwt 
add.  time  of  period  111. 

a) 

d.)  ROP  la  prodnead  in  etary  aubaaquant  add. 

:  tlaa  of  period  ill  if  round  off  la 
apae if lad. 


ti;  “■■■ 


Sots  h'y  eil-  or  3^  rocoiver  ieteridiiig  j  Jj  fiie=e  reoeivrrs  rei:>&ia  aet  Jijri££jild_;_t_^m££ 
on  -.vhether  urli^:e  sigit  or  like  |  3,4,3,o<  7.  (see  telovr)  They  aTs  reset 

al^nfal  i»  eislttei, _ ^ _ j  I  at  t:ie  tnd  of  aad,  tire  7.  Tocrefore,  the 

;  numerator  accuLiulator  receives  either  the 
j  ienoreinr ter  or  its  ccr.plesie'.it  flea  tii3s,_ _ 

sles  cro-rtii'.  rlar  to  stt. -a  2 


!l}  Cycles  pro-rtii!  rlop  to  sn^  Ta  B 


1)  Cycles  -ro,;ra;.'.  riu^  to  sta^e  3 
1;  Cycles  pre-jr-j;!  riej  to  ssa(;e  4 


)  ■Cj'cles  fiM  rrof^rem  ring  to  stage  7. 


1)  Thus,  if  the  subtraction  or  addition  of  5 
tines  the  iencniiDatOr  whioh  takes  piece 
durir^  aid.  times  3  through  7  does 'not 
produce  nji  overdraft,  during  add,  tlrie  9 
the  quotient  is  inereased  ("rhen  humerator 
and  denominator  have  like  signs)  or  de¬ 
creased  (when  numerator  and  denomln'-itcr  have 
unlike  algna)  by  1  unit  in  the  luat  place 
at  tha  right  as  specified  by  the  setting 
of  the  places  switch.  At  the  end  of  add, 
time  9.  Ill  P  resets  and  the  +1  or  -1  re¬ 
ceiver  and  a  CPP  resets  t)ia  receiver. 


TAHUi  ».7 

S:;UiiRE  ROOT  PERIOD  I 

Baquiraa  four  add,  times i  l>-i 


“.'.adr  ■■ 

Time 
(and 
Prog, ■ 
■Bing 
‘  Stage) 


Sl^l 


^  0  1)  Pregrua  Input  pulse 

;  (A) 

i 

I  1  1)  CPP 


I  is)  SRP 


a)  Sets  transoalvor  in  the  divider  and 
square  rooter. 

b)  sita  Hg  or  Hj)  reoeiver 


1)  Sated  tbrou^  ISt  by  a  sl^ial  trm  the 
pulse  source  flip-flop,  jroduoes  a  OP 
pulse, 

Z)  Oated  through  [uj  or  produces  a  SRF 


a)  Oated  through  lAlll  by  a  si^ial  from  the 
program  ring  flip-flop,  cyoles  the 
program  ring  to  stage  D. 
h)  Resets  the  divide  flip-flop  if  this 
flip-flop  is  in  tho  abnormal  ttato. 


Comaant 


b)  The  aiBaerator  is  then  received  by  the 
numerator  aoeumulator  4j£2gg_gd^itlma 


!l)  This  affsot  occur s  in  ovary  aubsoquent 
add.  time  of  a  aquare  root  program  except 
during  period  ill. 

S)  This  affect  ocours  in  ovary  subsequent 
add.  time  of  e  square  root  program  except 
during  period  III. 


b)  ^his  turns  off  the  divide  flip-flop  nacxi. 


^Ir)  OP  gated  through  @  by  1)  Oated  through [K^  by  the  aignal  oyolea  1)  The  divider  and  square  rooter,  however, 

a  signal  from  stage  B  the  numerator  ring  to  stage  ^  if  the  dees  nort  find  the  reel  ooeffiolent  of  1 

of  the  jro^am  ring.  rddloand  Is  negati've.  Correotlji;^  if  the  radleand  Is  negative. 


a)  ERP 


a)  Cyolae  the  program  ring  to  stage  1. 


3  1)  SRF 


a)  Oated  through  @  fay  a  eipial  from  stage 
1  of  the  program  ring,  sets  the  Dy 
rscsiver, 

b)  Oated  throughl'o^  by  a  signal  trtn  stage 
1  of  the  program  ring,  sets  the  *1 
reoslver. 


a  and  b)  n|os,  during  add,  time  4,  the 
densDlnator  (tsloe  the  root)  aoeumulator 
rseolvea  1  pulse  in  the  10*  deoada. 

At  the  end  of  add,  tine  d.  a  CPF  resets 
the  Dy  reeelvar  and  a  OFF  gatsd  through 
as  a  result  of  the  eoineldence  of  the  NO 
signal  and  a  aignal  from  tha  Oy  raoaiver, 
resets  ths  el  rseslver. 


a)  Dated  through  ^  by  a  si^iml  from  ataga 
1.  olsora  the  progrem  Mng  to -stage  A. 

b)  Oated  through  63  by  a  signal  fros  stage 
1  flips  the  program  ring  fll^.riei). 


b)  Ths  pro^am  sliy  flip-flop  neon  la  turned 
off  at  this  time. 


I 
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Md.  ! 
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^ai 

tat 

n^O) 
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TABLE 

SQUARE  ROOT  PERIOD  II  -  BASIC  SQUARE  BOOT  SEQDE)RI 
Raqulraa  two.  add.  timaai  F'fli  r-fS 


Signal 


Effaot 


I 


CflODint 


. . J 


ftor  n^Oa  thla  €uld«  tlaa  solaoldaa  with  add<  tine  4  of  period  I.  ‘ 

For  n>a,  thla  add.  tlna  eolncidea  with  add.  tiua  a+2  or  r^R  of  period  11. ^ 


1)  P  pulaa  derlTBd  from 
gated  through  QSI 
aa  the  reault  of  the 
Bolneldenoe  of  a  slg_  ; 
nal  froa  the  Oy  | 

receiver  and  an  HO 
alg^al 

or  OF  gated  through 
hy  a  algnal  frora  the 
H'y  raoetver  (after  a 
shift  aequanoe). 


1) 

a) 

b) 


Seta  the  Hy  reoelTar. 

Oatad  through  I Bid  ehen  the  like  sign 
al^ial  la  Emitted ,  aeta  the  Dg  reoalyar 
or  gated  through  Ib13  when  the  unlUoi 
sign  al^ial  la  emitted,  eats  the  D;^ 
reeelTor. 


1) 

a  and  h)  Thus,  during  add.  tlna  r-fl,  the 
niaaerator  aaeoaulator  raoelvaa  the  eanple— 
meat  of  the  denoainator  (when  H  and  D 
have  like  algna)  or  reoelves  the  denoeil- 
natcr  (ttea  N  and  D  have  unlike  signs}. 

These  reoelvers  are  reset  hy  OP  at 
the  end  of  add,  time  r-fl. 


r+1  1)  SRP 

(A) 


1) 

a)  Gated  throu^iulhy  a  signal  froai  the 
Hy  receiver  seta  the  Dy  receiver. 

h)  Gated  tlirougli  .Dial  or  |Klg|  respectively 
by  a  signal  froiri  the  Og  or  D*  receiver 
sets  the  '^3  or  -8  receiver. 


SQUARE  ROOT  -  SHIFT  SEQUEHCS 
P.oqulres  two  addition  tijnesi  s-fl,  b+8 


1) 

a 


and  b)  Thus,  In  add.  time  r+S,  the  denar.l. 
nator  accuriuletor  receives  two  In  a  given 
decode  place  of  the  couplesient  of  2  if  the 
denonlnatcr  was  previously  subtracted  or 
added  respeotively. 

The  Dy  receiver  and  the  +2  end  _2 
reoelvers  are  reset  by  a  CPF  at  tiie  end  of 
r<-2- 


Add. 

Time 


Slpial 


Effect 


(=4*J4i 

fi  OF 

is  £&te(3  throuf^h 

rcr 

&  result  of  tiio 

n 

Idsnci?  cf  C 

signiL 

i  QJil  £. 

(A) 

frail 

the  receiver* 

s-i-l 

(A} 


1}  Signal  fro...  tiie 
rece Ivcr . 


8)  See  1  c) 
time  E. 


of  addition 


]  ?l.l3  add.  tii.ie  ooi.-ul^o.'-  -..ith  a-'' 


pulse  ;.roduood  va.en  1) 


a)  Sets  the  and  H  ^  receivers. 


b)  Sets  the  i^'y  receiver. 

c)  Gated  through  S  by  a  signal  from  the 
+2  receiver,  sets  tl’.o  -1  reoeivor  or 
gated  through  ^  by  a  signal  frori  the 
-2  receiver,  sets  the  «1  receiver. 

d)  If  gated  through  lE 6] as  a  result  of  tlie 
coincidence  of  signals  from  the  places 
switch  and  places  ring  produoes  an  SS 
pulse  (see  Table  &-9), 

1) 

a)  Catea  I’Pi  through  !l45]  to  nroduoe  I'P^ 
which  cycles  the  plu^e  ring  one  etage. 
b !  Gates  a  0??  tiirougli  so  that  the 

nuirierdtor  binary  ring  Is  cycled  1  stags, 
o)  Gates  a  GPP  tlirough  L7  so  that  the  li'y 


end 


'AC 


receivers  ore  set. 


8)  The  G’y  end  tl  or  -1  reoeivor  rer.±ains 
set. 


Cotmont 


.  1; 

a)  i'lB  a  result,  the  shift  aocuAulator  receives 
the  numerator  frw:i  the  nuTierator  accunu- 
' lator  which  tronss.its  and  cleurs  curing 
add.  tise  s-1.  At  the  end  of  sdd.  tiie 
s+1,  a  CPT  resets  these  receivers, 
b  and  a)  Curing  add.  tli;«  a+1.  tiicr. ,  tiie  de— 
noalnator  aooumulator  receives  the  coi. ele¬ 
ment  of  1  or  receives  1  in  a  given  decade 
plaoe  If  during  the  previous  sequeuce,  the 
denominator  accumulator  received  *Z  or  —3 
respectively  in  ehe  some  decuie  place. 

The  receiver  und  the  +1  or  —1  receiver 
remain  set  through  add-  time  a+2. 
d)  S2  pulse  Initiates  period  III. 

(doc  chart  for  period  III. 


1) 


b) 

o) 


.is  a  rasult  0  ceases  to  be  emitted  and  IIO 
is  emitted  Instead. 

During  add,  time  a*a.  then,  the  numerator 
aooumulater  receives  tiie  eontauts  of  the 
ahlft  ocewsulator  wlilohtEllransmlts  end 
eloars.  At  the  end  of  add.  time  a-fS,  a 
GFP  resets  the  ii'y  and  Sj^  raeelvers. 

8)  Therefore,  during  add.  time  8+8,  the  deno- 
minatcr  accumulator  receives  +1  or  the 
couplouant  of  1  but  this  tiine  one  decade 
place  further  to  tho  right  tiion  dg^^jjg 
add,  time  b*1. 

At  the  and  of  odd,  time  m*S.  OP  gated 
through  Icni  by  a  signal  from  the  i!*y 
receiver  resets  the  D'y  receiver  and  the  +1 
or  -1  receiver. 


px-Kmio 


TiBLE  ^9 

SCIUASE  HOOT  F^JIIDD  TII  _  flOOIID  OFP  C8  Nb  ROtlMI}  OFF  PER  100 

Raq.ulrel  nine  add.  tlnasi  1-9 
XtoBis  ralevnnt  to  the  round  off  oua  aiUy  are  clrelad 


CoBDent 


nia  aU.  tlna  eo^eltea  nltt  odd.  tiaa  r^-S  of  period  II. 


1)  S  pulso  iroduead  nhen 
a  OP  Is  jjatad  through 
rE9[  as  a  result  of  the 
colnoldance  of  ac  0 
signal  and  a  slgial 
froEi  the  Qg  roeeleer. 


a)  Sets  the  and  reoelrers. 


I  h)  Sato  the  C'y  raeelTer. 

c )  Gated  through  hy  a  a  Ignal  fr  ooi  the 
■»S  receiver,  sets  the  —1  raeelvsr  or 
gated  through  ^  hy  a  slfTial  frontthe 
-2  receiver  sets  the  -»!  reoelver. 


d)  Gated  through  as  a  result  of  the  co-- 
limidenoe  of  signals  froo  the  plasaa 
switch  and  place  ring  produces  an 
pulse. 

2)  Sets  tlie  pulse  source  flip-flop. 


then,  the  numerator 
aeoumulator  transmits  (end  clears)  Its 
contents  to  the  shift  accumulator. 

A  OFF  resets  these  occimulators  In 


h  end  o)  Thus ,  dur  ins  add,  time  1 .  the  deno¬ 
minator  accumulator  receives  the  eomple- 
nent  of  -1  or  +1  In  a  given  decade  place 
If  in  tlie  previous  square  root  sequence, 
eS  or  its  eoDiplenont  respeotlvely  vns 
received  in  that  decade  place. 

At  the  end  of  edd.  tine  1.  Ill  P  (see 
heloiy)  resets  tlie  D'^  and  +1  or  -1 
receivers , 


iR)  At  this  tine,  the  pulse  source  flip-flop 
,  neon  is  turned  off. 


3)  III  P 


1)  III  ? 
3)  HOP 


1)  ‘D 

a)  Gated  through  tay  a  signal  from  the  '  a)  So  that  1(0  eeases  to  be  emitted  and  0  is 
S  receiver  oyelas  the  numerator  binary i  .  emitted  instead, 
rbig. 


b)  Gated  throag)i  []0|  b}’  a  signal  from  tbs 
reoelver,  sots  the  and  S'y 
receivers. 


c)  Gated  by^^'  produces  a  III  F. 


b)  So  that  during  add,  time  3.  the  numerator 
ocoisiulatar  receives  theuuaadratcr  frou 
the  shift  Bcoamulator  which  transisits  and  j 
clears,  -it  the  ^9  Ik  wr« 

reafttfi  tho5«  tecaiTera. 

.  o)  TUio  pulae  ia  produsad  in  avary  sub&aquent 
aid.  tl’iia  of  period  III. 

3) 

ik)  ftOF  lo  produced  in  a  very  euboaquent  add. 

tloo  of  period  III  if  round  off  li  rpeclflei. 


a)  Gated  by  Ha  produces  an  HOP  pulse.  a)  HOF  is  produced  in  every  s 

Ziaa  of  period  III  if  roun 

b)  Cycles  tlie  program  ring  to  stage  B. 
e)  Resets  the  D'y  receiver  and  the  +1  or 

—1  receiver. 

1)  Cycles  program  ring  to  atoga  1  1) 

Z)  Gated  through  by  a  signal  fron  stage  3) 

G  of  the  pro^nm  ring  pruduoes  a  P  pulse, 

3)  Gets  My  receiver  end  or  Og  receiver  9)  Tliase  receivers  remain  eet  , 


1)  III  P 


If  the  unlike  or  like  sign  signal 
respectively  is  emitted , 


1)  Cycles  progrem  ring  to  stage  8. 


3.4.S.fl.7.  They  BTC  reset  et  the  end  of 
add,  tii;.  7  (see  below).  Therefcre,  the 
nuioBratcr  eocisaulator  reoelves  altiier  the 
denamlnatar  or  its  em-'iplement  five  times. 


1)  III  P 


1)  Cycles  progrom  ring  to  stage  3. 


1)  III  P 


1)  Cycles  prolan  ring  to  stage  4. 


1)  III  P 


3)  III  ? 


1)  Cycles  prO(^BJa  ring  to  stogo  5. 

1)  Gated  through  li-d]  hy  a  signal  fron  stage 
5  of  this  program  ring  resets  the  l!y 
end  D;.  or  reoeivers. 

2)  cycles  the  jrojip'am  ring  to  stage  6." 


1)  HOP 


1)  Gated  through  |jU;  by  e  c Ignel  f  roci  etago 
6  of  the  program  ring  produces  a  slgpial 
which  if  Bated  through  lK13i  hy  MO,  passes 

through  @  to  sat  the  By  receiver  and _ 

passes  thr  eo^  Ldl &  The  signal  from  IjlJ 
passes  tlfougb  ElSi  when  the  like  si^  Is 
emitted  and  sets  the  *Z  reoelver  or 
possas  through  [P13]  whan  the  unlike  slgi 
Blgpal  Is  emitted  end  sets  the  -8 
raealver. 


1)  Thus,  If  the  suhtrootlon  or  addition  of  5 
times  the  denealnator  nfaloh  occurs  di]£;^|£ 
odd,  times  3  thrniMi  7  does  net  produce  an 
ovordraTt,  durtiw  add,  tins  9.  the  quotient  j 
Is  Inoreased  (when  (I  and  D  have  like  eigne) 
or  daoreesed  (when  M  end  0  have  unlike 
aigiis)  by  3  units  in  the  last  piece  at  the 
ri^t  as  Bpaelflad  by  the  setting  of  the 
places  switch , 

At  tte  md-rf  add,  tine  9.  HI  P  rents 
the  *1  or  -1  raeslwr  end  a  CFP  resets  the 
By  receiver. ‘ 


JtM. 

Tte 


Signal 


TABLE  6-10 

FE8I0D  IT  ns  EITBSR  DITISIOB  OS  Si^VABE  SOOT  .  ISTEBLOCE  OR  NO  lUTERLOCX  PERIOD 

Baqutre*  Z  add.  tlmesi  1,  S. 

Roa  ralaTant  ta  tlw  Interlock  oaae  only  nn  alrolad. 

ETfeot  CoHpMit 


.0:  I  1)  CPP 

(7)  ‘ 


;  a)  y 

3)  P* 

1)  CPF 

a)  OP 

3)  i*P 

4)  OPP 


1 

(7) 


Tbla  add.  tlno  eolneldea  with  add.  tine  9  or  iparlod  Illj 

a)  Dated  through  imnl  by  a  signal  trm  ' 
atage  7«flP  the  jrosran  ring,  produoaa 
an  ?  polaa. 

b)  Gated  through  @]by  a  signal  Craa 
atage  7  or  the  ^e^ta  ring  yrcduoea 

i  an  f  pulse. 

I  S)  Sata  the  Intarloek  oolnoldenoe  fllp-flopi  a}  This  tuma  on  the  Interloek  ooineldenee 

fllp.flop  neon, 

.  3}  So  that  the  pulse  source  flip-flop  neiai 
'  Is  turned  oi  again. 


3]  Resets  the  pulse  souroe  flip-flop. 


8  1)  CPP 

IT) 

8)  CL' 


1)  Dated  through  produees  a  DP. 

a)  Gated  through  or  @  produces  a  DP 
or  through  or  produces  a  SRP. 

3)  Dated  throng  ^  produces  I'F^. 

4)  Dated  through  iKdoi  In  the  III  ease  or 
feated  tbrou^^Jisj  In  the  fen^  producaa 
aslgnal  which  Is  gated  through  ESO:  to 
eet  the  clear  flip-flop  and  to  reset  the 
Intnrlook  coincidence  flip-flop. 

1)  Dated  throigh  IP491  by  a  signal  trao.  the 
oleur  flip-flop,  produces  a  CL*  pdlse. 


;  3)  CL 


4)  Slgpial  resulting  froD 
the  ooineidenoe  of  the  : 
traneqelver's  being  j 
set  end  the  clear  flip- 
flop's  being  sat. 


These  three  pulses  continue  to  be  produced 

every  tidu  tins  of  period  IT  but  have  no 

I 

^effect  on  tba  diwlelon  or  equare  rooting. 

4^  The  olaar  flip-flop  neon  goes  on  at  tbla 
tine  and  the  Interlock  coinoldeoce  flip- 
flop  neon  goes  off. 


2) 

a) 


^Oated  through  iLdfl!  by  a  signal  fron  the] 
Interlock  switch,  resets  the  intarloek' 

,.fllp-fl^« _ j 

bj  Clears  the  program  ring  to  sta^  A. 


4^  Aftnr  passlne  thrcuj'h  buffer  f^4S 
,  beecmes  a  CL  pulse. 

3) 

a)  Resets  the  clear  flip-flop. 

b)  Clears  the  nunarator  binary  ring  to 
stage  P. 

0)  Resets  the  denoalnator  flip-flop. 

d)  Clears  the  place  ring  to  stage  1. 

e)  Resets  the  prolan  ting  flipk-flop. 


4) 

a)  Allows  the  carry  clear  gate  to  pmss  to 
the  nvsjorator  and/  or  denotsinatcr  acoi^ 
nulator  clear  circuits  if  clearing  la 
specified. 

h)  Dates  a  CPP  through [4^  to  provide  a 
reset  signal  for  the  transosivor  and  a 
propoiu  output  pulsB. 

o)  Oates  a  CPP  to  set  one  of  the  four 
answer  disposal  racelvara. 


o)  Thus,  during  the  add.  time  following  the 
divider's  program  output  pulse,  the 
answer  Is  disposed  of  in  aeoor  dance  with 
the  setting  of  the  answer  disposal  switch. 
At  the  and  of  add,  tine  3.  the  answer 
disposal  raoeiser  is  reset  by  a  CPP. 


'"If  the  Interlock  input  pulsa  la  not  racalwad  until  k  addition  tinea  after  add.  tine  0  of  period  17,  thla 
event  and  all  eventa  listed  next  to  add,  tlae  S  aoeur  k  addition  tines  later  than  that  Indioated  in  this  table. 
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through  J9  and  either  the  +2  or  -2  receiver  on  the  coincidence  of  a  signal  from 
gate  J12  and  either  the  like  or  unlike  sigh  signal  respectively. 

6 ,2 , 7 .  OhroroicgiRai  Doncr5ption  of  the.  Connoh  Proprejntning  Circuits. 

Tables  6-4.<  and  6^6  sumduinize  the  operation  of  the  eimnen  program¬ 
ming  circuits  during  periods  I,  II,  and  III  respectively  of  a  diyiaflMi  program. 
The  corresponding  summaries  for  the  Square  resting  case  are  found  in  tables 
6-7,  6-8,  6-9*  Table  6-10  summarizes  the  eVSntS  of  period  IV  for  both  square 
rooting  and  division. 

Below  the  title,  each  table  carries  a  statement  indicating  the  number 
of  addition  times  required  to  complete  the  eyents  of  the  period.  In  scmie  cases, 
the  events  which  occur  In  the  last  addition  time  of  the  period  are  listed  in 
the  comment  column  beside  the  events  of  the  nejet  to  the  last  addition  time  in¬ 
stead  of  on  a  separate  line  (e.g.  the  events  of  addition  time  4,  period  I  for 
square  rooting  in  table  6^7).  This  is  done  v^en  the  event  described  occurs, 
net  in  the  bonmon  programming  circuits  of  the  divider  and  square  rooter,  but 
rather  in  an  associated  accumulator. 

The  overlapping  of  periods  is  also  indicated  on  the  tables.  For 
example,  addlti<m  time  3  of  period  I  for  division  overlaps  with  addition  time 
d  of  period  II  for  the  first  bSsie  division  sequence.  ThereS'fter,  addition 
time  d  orarlaps  with  the  second  addition  time  of  the  basic  division  sequence  or 
with  the  second  addition  tinb  of  the  shift  sequence. 

It  is  reo^nmended  that  tables  6^U  through  6*^10  be  coii9>aired,  at  this 
time,  with  the  illustrative  problems  in  tables  £h>2  and  6*3* 

From  the  tables,  it  appears  immediately  that  the  exact  number  of 
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* 

addition  times  required  to  complete  any  given  division  program  iS 

14+2  (p-2)  +  2  (number  of  additions  sr  aubtractiens  of  the  denominator) 
and  that  the  iiuiaV-er  of  addition  times  for  any  given  square  rooting  program  is 
15  2  (p  -•  2j  ‘>■2  vr-nulai-  of  additions  or  subtractions  of  the  contents  of  the 

c;.<jnci7dnator  accumulator) 

where  p  is  thi  n-imbsir  of  places  specified  by  the  setting  of  the  divide-square 
root.  Since  overdraft  can  never  occxu:  in  division  by  zero,  division  by  zero 
consumes  an  infinite  number  of  addition  times.  If  denominator  equal  to  zero  is 
a  computational  possibility,  the  operator  should  precede  division  programs  by 
discrimination  programs  with  the  purpose  of  avoiding  such  divisions. 

6,3.  NUMERICAL  CIRCUITS 

The  10  stage  place  ring  in  the  divider  and  square  rooter  serves  to 

route  the  numerical  data  for  the  partial  quotient  or  'twice  the  square  root 

Into  particular  decade  lines  at  particular  times.  The  stages  of  this  ring 

numbered  10,  1,  2,  9  on  PX-10-3Q4  cerrespend  respectively  te  decades  10, 

9,  1  ef  an  apcumulator.  The  place  ring  neons  numbered  10,  9#  1  on 

PX-10-302  correspond  respectively  to  stages  10,  1,  2,  •••,  9  of  the  place  rlng4 

It  is  to  be  noted  that  in  period  II  for  division  or  square  rooting  respectively, 

^  1  *  2  units  are  put  into  the  10^  decade  place  of  the  answer  first,  A  digit 

different  frwa  zero  (or  the  complement  of  zero  if  the  quotient  is  negative) 

occurs  in  the  decade  place  of  the  answer  only  if  the  divider  and  square 

rooter  puts  in  more  than  10  pulses  before  the  first  shift  sequence  of  period  II 

fi’Provided  that  the  divider  and  square  rooter  need  not  mark  time  waiting  for  an 
interlock  input  pulse. 
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or,  if  10  pulses  are  put  in  before  the  first  shift,  and  carry  over  from  the 
addition  cf  cne  o?.'  tii<o  pulses  at  the  end  of  round  off  cause  carry  over  to  the 
lOt-'i  ds'jf.ae  pl;.cj  Tre  rcion.  numbered  10  on  PX-10-302  never  lights, 

V:  tlio  <.:A  t .'i  divider  and  square  rooter  program  this  ring  clears  to 
sc-ago  1^  ■^vr-l.ug  tlr .  coui  se  of  a  program,  the  place  ring  can  be  cycled  only 
during  perif  n  11  nd  th  n,  only  at  the  end  of  the  first  addition  tine  (s  +  1) 
of  each  ehii't  Tho  cycling  of  this  ring  is  acconplished  by  the  l’p2 

pjj.uj  Virile.:!  iu  produced  when  the  1' Pq_  pulse  (see  Section  6.2,2.)  is  passed 
tiirough  1-4';  by-  a  eignal  from  the  rttcelver. 

■iThiie  the  place  ring  has  been  classified  as  one  of  the  numerical 
circuits,  one  of  its  functions  is  purely  a  programming  function.  Stages  3»  6, 
7,  8,  and  9  of  the  ring  are  connected  respectively  to  gates  C41,  B41>  A41,  a42, 
and  A43.  The  second  inputs  to  these  gates  are  connected  respectively  to  points 
4>  7t  8,  9,  and  10  of  the  divide-square  root  and  places  switch.  Upon  the  coin¬ 
cidence  of  a  signal  from  the  place  ring  and  the  divide-square  root  and  places 
switch,  the  appropriate  gate  emits  a  signal  which  allows  an  S  pulse  to  pass 
through  gate  E6,  The  resulting  SS  pulse  terminates  period  II  by  flipping  tho 
pulse  so\irco  flip-flop  intcj  the  abnormal  state. 

The  place  ring  carries  out  its  numerical  functions  by  its  control  of 
the  2  sets  of  answer  output  gates  (B  through  L42,  and  B  through  Ii43)«  One  gate 
from  the  group  vdth  No,  42  and  one  from  the  group  with  No,  43  is  connedted  to 
each  stage  of  the  place  ring.  The  second  input  to  these  gates  comes  from  a 
line  carrying  digit  pulses  gated  through  the  1,  2,  2',  4*  9,  and  1*  pulse  gates 
by  the  setting  of  the  +1,  -1,  +2,  or  -2  receiver. 

The  routing  of  digit  pulses  into  tho  appropriate  decades  by  the  place 
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ring  can  probably  best  be  explained  by  means  of  numerical  exan^les.  Let  us 
assume  that  at  some  time  in  the  course  of  a  conqjutatlon  the  place  ring  is  in 
stage  2  (this  implies  that  one  shift  sequence  has  been  completed  thus  far  in 
the  computation)  and  that  the  ■•-1  receiver  is  set  at  the  end  of  some  addition 
time  d+1  of  period  II.  Then,  in  addition  time  d+2,  gate  1^6  passes  the  IP  and 
all  of  the  other  gates  of  this  group  are  closed.  This  single  pulse  is  delivered 
to  all  of  the  gates  B  through  142.  Since  the  place  ring  is  in  stage  2,  hovfever, 
the  only  open  gate  of  this  group  is  J42.  Therefore,  one  pulse  is  emitted  in 

n 

decade  place  8  (corresponding  to  the  10'  decade  of  an  accumulator)  and  no  pulses 
are  emitted  over  any  of  the  other  leads  of  the  answer  output  terminal. 

Next,  let  us  consider  another  case.  Suppose  that  the  place  ring  is  in 
stage  2  and  that  the  -2  receiver  is  set  at  the  end  of  some  addition  time  of 
period  II,  Then  in  addition  time  r+2,  7  pulses  formed  from  the  1,  2,  and  4P 
passed  through  gates  K47j  H47  respectively  are  delivered  to  gates  B 

through  142,  the  9P  passed  through  gate  047  are  delivered  to  the  gates  B  through 
L43  and  to  the  FM  lead  of  the  answer  output,  and  the  X*>P  passed  through  B46  is 
delivered  directly  to  the  answer  output  lead  for  units  decade.  Since  the  ring 
is  in  stage  2,  gate  J42  is  the  only  open  gate  of  the  group  B  through  142  and 
gate  J43  is  the  only  closed  gate  of  the  group  B  through  L43«  Thus,  7  pulses  are 
emitted  over  lead  8  of  the  answer  output  terminal  and  9  pulses  are  emitted  over 
all  of  the  other  leads  including  the  Hi  lead.  In  the  first  half  of  addition 
time  t+2,  then,  the  denominator  accumulator  receives  from  the  answer  output 
terminal  of  the  divider  and  square  rooter  U  9  979  999  999,  At  the  time  of  the 
I'P  during  addition  time  r+2,  the  I'P  passed  through  B46  is  put  into  the  units 
decade  place  of  the  answer  output  so  that  by  the  end  of  addition  time  <'+2,  the 
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denominator  accumulator  receives  from  the  divider  and  square  rooter 
M  9  980  000  000  which  is  the  conplement  of  2  in  the  10*^  decade  place. 

It  is  to  be  noted  that  in  the  divider  and  square  rooter  as  in  the  high- 
speed  multiplier,  standard  transmitters  have  not  been  used  in  the  answer  output 
circuit,  Thfii/e’oro,  the  numerical  data  for  the  answer  must  be  delivered  to  the 
quotient  or  d  mordnator  accumulator  via  either  a  digit  tray  used  for  no  other 
purpose  or  else  by  means  of  a  special  cable  made  for  this  purpose.  No  load  box 
is  used  on  this  digit  tray, 

6. A.  INTERRELATION  OF  THE  DIVIDER  AND  SQUARE  ROOTIH  AND  ITS  ASSOCIATED 
ACCUMUUTOR, 

6.4.1,  Interconnections  for  numerical  data. 

PX-10-307  shows  the  interconnections  which  must  be  made  among  the 
accumulators  associated  with  the  divider  and  square  rooter  to  carry  out  division 
or  square  rooting  programs  when  arguments  of  10  or  fewer  places  are  Involved, 
Divisions  Involving  arguments  with  from  10  tO  120  places  may  be  handled  by  inter¬ 
connecting  accumulators  3  ^d  4  (lor  20  digit  numerators)  and  accumulators  5 

t 

and  6  (for  20  digit  denominators).  In  this  case  another  digit  tray  is  used  to 
connect  the  add  output  terminal  of  the  right  hand  numerator  accumulator  to  the 
a  input  terminal  of  the  right  hand  shift  accumulator  and  a  second  additional 
tray  to  connect  the  add  output  terminal  of  the  right. hand  shift  accumulator  to 
the  y  input  terminal  of  the  right  hand  numerator  accumulator.  If  the  denomina¬ 
tor  has  more  than  10  digits,  the  add  and  subtract  output  terminals  of  the  right 
hand  denominator  accumulator  are  also  connected  into  the  latter  tray. 

It  is  to  be  noted  that  no  mention  has  been  made  of  interconnecting  a 
pair  of  accumulators  to  accumulate  quotients  or  two^oots  having  between  20 
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and  20  places,  The  reason  for  this  emission  is  that  the  divider  and  square 
rooter  is  incapable  of  finding  such  answers  in  one  operation  because  the  place 
ring  has  but  10  stages  and  the  answer  output  terminal  but  11  leads  (and  a  ground) 
Quotients  with  between  10  and  19  plsaces  can  be  found  by  performing 
2  division  programs  serially.  With  the  divide-square  root  and  places  switch 
of  the  program  control  used  for  the  first  division  set  at  10,  9  or  10  places 
(depending  on  the  relative  placement  of  the  numerator  and  denominator  in  the 
argument  accumulators  -  see  Section  6,/t.*3)  of  the  answer  are  found.  The  round 

off  switch  of  the  first  program  control  should  be  set  to  NRO  and  the  argument 

0 

accumulator  clear  switches  to  0.  When  the  first  division  program  is  completed, 
the  quotient  as  thus  far  obtained  is  then  transmitted  from  (and  cleared  out  of) 
the  quotient  accumulator  to  tho  left  hand  accumulator  of  a  pair  external  to  the 
divider  and  square  rooter  system.  The  left  hand  accumulator  of  this  pair  should 
be  stimulated  to  receive  this  quotient  through  some  input  channel,  say  a.  Then 
the  a  input  terminal  of  the  right  hand  accumulator  should  not  be  connected  to 
the  same  tray  as  the  A  output  terminfjl  of  the  quotient  accimvulator .  Because 
of  the  setting  of  the  round  off  and  argument  clear  switches,  the  divider  and 
square  rooter  can  then  proceed  on  its  second  program,  the  division  of  the  re¬ 
mainder  from  the  numerator  by  the  denominator.  The  quotient  obtained  in  this 

8 

way  contributes  9  more  places  of  the  answer.  The  number  stored  in  the  10  decade 

9 

place  of  the  quotient  accumulator  after  the  second  division  belongs  in  the  10 
decade  place  of  the  right  hand  accumulator  and  the  number  stored  in  tho  10^ 
decade  place  of  the  quotient  accumulator  belongs  in  the  units  decade  place  of 
the  left  hand  accumulator.  If  the  numerator  and  denominator  before  the  first 
division  program  have  like  signs,  the  remainder  from  the  numerator  after  the 
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first  program  and  the  denominator  have  unlike  signs  so  that  the  quotient  obtained 
by  the  second  division  program,  is  necessarily  negative.  Therefore  the  second 
quotient  must  be  transmitted  to  the  pair  of  interconnected  accumulators  with  its 
sign  indication.  The  second  quotient  may  be  properly  received  in  the  pair  of 
accumulators  if  these  accumulators  receive  the  second  quotient  from  the  quotient 
accumulator  through  an  input  channel  different  from  the  one  used  for  receiving 
the  first  quotient,  say  the  0  input  channel  and  the  p  input  terminals  of  both  the 
left  and  right  hand  accumulators  should  be  connected  to  the  tray  to  which  the  A 
output  terminal  of  the  quotient  accumulator  is  connected.  Special  adaptors  and 
shifters  must  then  be  used  at  the  p  input  terminals  of  the  right  and  left  hand 
accumulators.  The  right  hand  accumulator's  p  input  terminal  should  have  plugged 
into  it  a  shifter  which  shifts  the  data  one  place  to  the  left.  The  left  hand 
accumulator' s  p  input  terminal  should  have  an  adaptor  which  connects  the  left 

g  g 

hand  accumulator's  PM  input  and  10',  10  ,  ,,,,  10'  decade  place  input  leads 

to  the  PM  line  of  the  digit  tray  and  which  connects  the  10°  decade  place  input 

9  ^ 

lead  to  the  10  decade  place  lino  of  the  digit  tray. 

If  9  or  10  decade  places  of  twice  the  root  are  found  by  a  given  square 
rooting  program,  it  is  possible  to  find  about  as  many  places  again  of  the  root 


*If  it  is  known  that  the  numerator  and  denominator  for  all  division  programs  will 
always  have  like  sign  and  if  the  first  division  program  is  stopped  after  9  places 
instead  of  10,  then  the  denominator  and  the  remainder  from  the  numerator  again 
have  like  sign  so  that  the  quotient  obtained  from  the  second  division  is 
positive.  Under  such  circumstances  the  second  quotient  should  be  so  shifted  that 
information  from  the  10®  and  109  decade  leads  of  the  quotient  accumulator  add 
output  is  received  in  the  units  and  tens  decade  places  of  the  left  hand  accumu¬ 
lator  amd  the  other  digits  of  the  second  quotient  are  received  in  the  right  hand 
accimiulator  shifted  over  two  places  to  the  left.  The  connections  of  the  PM  lead 
of  the  output  of  the  quotient  accumulator  to  the  IM  and  10°  -  lO-'  decade  place 
le^ids  of  the  input  to  the  left  hand  accumulator  may  obvieusly  be  omitted. 
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(notice,  not  twice  the  root)  by  dividing  the  remainder  from  the  radicand  by 
twice  the  root  as  thus  far  found.  The  procedure  for  obtaining  the  final 
answer  in  a  pair  of  interconnected  accumulators  external  to  the  divider  and 
square  rooter  system  of  accumulators  is  similar  to  that  for  the  case  discussed 
ab'T.'e  for  division.  However,  if  it  is  desired  to  accumulate  the  root  in  the 
pair  of  interconnected  accumulators,  twice  the  root  (resulting  from  the  first 
program)  should  be  multiplied  by  0.5  before  its  reception  in  the  left  hand 
accumulator  or,  if  it  is  desired  to  accumulate  twice  the  root  in  the  final 
accumulator,  the  quotient  (resulting  from  the  second  program)  should  be 
multiplied  by  two  before  its  reception  by  the  pair  of  interconnected  accumulators c 
6,4.2,  Interconnections  for  Programming  Instructions. 

PX-lO-307  shows  the  interconnections  which  must  be  established  beJtweeh 
the  divider  and  square  rooter  and  its  associated  accumulators  for  the  pvirpose 
of  communicating  programming  instructions.  For  information  about  the  wiring  of 
the  various  program  terminals  on  the  divider  and  square  rooter  see  PX-10-108, 
and  for  the  wiring  of  the  accvimulator  interconnector  terminals  which  receive 
signals  from  the  divider  and  square  rooter  program  terminals  see  PX-5-105. 

On  PX-10-108,  SU2  refers  to  the  quotient  accumulator  and  shift  accumulator 
program  terminal,  SU^  to  the  denominator-square  root  acciimulator  program  terminal, 
find  SV  to  tho  numerator  accuniulator  inter  connector  terminal,  STj^  and  SU^  on 
PX-5-IO5  refer  to  the  accumulator  interconnect or  terminals  designated  by 
and  1^^  respectively  on  PX-5-301, 

The  numer0,tor  accumulator  interconnector  terminal  on  the  divider  and 
square  rooter  is  connected  directly  to  the  left  hand  interconnector  terminals 
on  the  numerator  accumulator  by  means  of  the  numerator  accumulf-tor  interconnector 
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cable  shown  on  PX-5-132,  The  correspondence  of  the  points  a  and  p  on  the 
nximerator  accumulator  switch  and  the  a  and  P  input  channel  receive  circuits  in 
the  numerator  accumulator  is  established  by  the  wiring  of  the  plugs  of  this 
cable . 

Adaptors  which  will  be  discussed  further  below  are  plugged  from  the 
denc'm.inator  -square  root  accumulator’  program  terminal  and  from  the  quotient  and 
rhift  ''.cciurtalotor  program  terminal  to  two  different  digit  trays.  The  denomina¬ 
tor’  square  root  accumulator  inter connect or  cable  shown  on  PX-5-I36  carries 
propr.-iniriing  instructions  to  the  denominator-square  root  accuinu3.ator’ 5  left  hand 
intorc^rinoctor  terminals  from  the  tr?.,/  connected  through  an  adaptor  to  the  divido- 
square  root  accumulator  program  terminal  on  the  divider*  The  quotient  r.cc-Tiriula- 
tcr  d.ntcr connector  cable  shown  on  PX--5-‘13A  ’the  shift  accumulator  intor- 
connector  cable  shown  on  FX-5-0.35  Carry  instructions  to  the  quotient  and  shift 
accr.mulstnrs^  loft  hand  interconnect  or  terminals  respectively  from  the  digit 
tray  connected  through  an  adaptor  to  the  quotient  and  shift  accumulator  program 
terminal  on  the  divider  and  square  rooter. 

The  adaptors  referred  to  in  the  preceding  paragraph  are  shown  oh 

PX-4-114  A.,  B,  and  C,  These  adaptors  may  be  used  interchangeably  at  either 

the  denominator- square  root  accumulator  program,  terminal  or  at  the  quotient 

and  shift  accumulator  program  terminal.  Leads  1-7  on  the  plug  and  socket  of 

all  the  adaptors  arc  wired  in  the  same  way;  but,  to  provide  flexibility  in  the 

meand.n^s  assignee  to  the  points  1,  2,  3,  and  4  on  the  answer  disposal  switch, 

some  or  axl  of  leads  8.  9  10,  and  11  on  the  plug  ar-  w.!rnd  ivi  dlff  .;reat.  woys 

-i^-Leac's  S  and  10  on  the  qujtiont  and  shift  accumulaucr  pr'jjr.J..  f.tr.niin.J  correlate 
with  points  i  aiid.  2  of  tlic  answer  disposal  switch,  anc:  leads  8  and  10  fjn  the 
denominator-square  root  accumulator  prograra  terminal  correlate  with  poii^ta  3  and 
4  of  the  answer  disposal  switch.  Leads  9  and  11  on  both  progrtim  tordnals.sre'nssoci- 
ated  respectively  with  8  and  10  for  answer  disposal  instructions  which  involve 
clearing. 
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to  leads  on  the  sockets  of  the  various  adaptors. 

When  used  with  the  standard  quotient  accumulator  interconnector  cable 
(PX-5-13/^)  or  denominator  square  root  accumulator  interconnector  cable  (PX-5-136) 
the  adaptors  referred  to  provide  the  following  answer  disposal  options; 


PX-4-114A 

1  transmit  additively  without  clearing 
XtraiiBinit  additively  with  clearing 

PI..4-.II4B 

1  transmit  additively 

Vtransrait  subtr actively 

PX-4-114C 

j  transmit  additively  with  clearing 
\transrait  subtractively  with  oloarirg 

To  illittrc  t'J  the  way  in  which  these  adaptors  function  let  us  oonsidei  a  case 
In  vjbioh  idaptor  PX-4-114A  is  plugged  into  the  quotient  accumulator  ani  s'ij.ft 
arcurulf  tor  program  terminal  and  adaptor  PX-4-114C  into  the  denominaiK  r-square 
root  aocumulator  program  terminal.  Then  the  points  on  the  answer  disposal 
switch  have  the  following  meanings; 

1  -  transnit  tho  quotient  additively  without  clearing 
i;  -  tr.-nsnit  the  quotient  additively  with  clearing 

3  -  transmit  twice  the  root  additively  with  clearing 

4  -  transmit  twice  the  root  subtractivcly  with  clearing 

For  computations  in  which  other  answer  disposal  option  combinations  tlian  those 
provided  by  tlie  3  adapters  described  above  are  needed,  additional  adaptors  can 
be  custom  made. 

6,4-3.  R-^lataonohip  botwoen  Alignment  of  the  Ar’fiuncrri' s  and  tho  Answoi  . 

■^'ha  epor  itcu  rjirl  exercise  considerable  car--  lu  tl'.e  piauemort  of  the 
argUT'enis  in  ihe  er^jUr^nt  ac iuni'lLators  for  diviEiijn  r*  scn-aic  r' otirv’  programs 
in  oidei'  to  make  tV.  nost  efficient  use  of  ch.e  davino’'  and  r-icuiro  roTLcr, 
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FrcBi  the  fact  that  the  divider  and  square  rooter  place  ring  allows 

g 

one  unit  to  pass  to  the  10  decade  .>f  the  two  root  acciimulator  at  the  beginning 
of  a  square  rooting  program,  it  is  obvious  that  the  divider  and  square  rooter 
proceeds  on  the  assumption  that  the  decimal  point  of  the  radicand  oecurp  an 
even  number  of  places  (either  right  or  left)  from  the  HI  place  of  the  numerator 
accumulator.  The  operator  therefore,  must  ali^  the  radicand  in  the  ntinerator 
accumulator  so  that  *HE  DECIMAL  POINT  OP  THE  RADICAND  OCCURS  AN  EVEN  NUl'iB£K  0^=’ 
PLACES  TO  THE  RIGHT  CR  I£FT  OP  THE  NUMERATOR  ACCUMULATOR'S  PM  POSITION. 

A  comparison  between  the  square  rooting  example  in  Table  6-3  s^d  the 
examples  in  Tables  6-11  and  6-12  also  points  to  another  consideration  concerning 
the  placement  of  the  radicand,'  Exan^les  A  and  B  show  radieands  placed  so  that 
the  correct  answer  will  l>e  obtained.  Example  C  shows  a  radicand  placed  in  such 
a  way  that  the  divider  and  square  rooter  cannot  possibly  obtain  the  correct 
an^er.  The  exac^les  in  Tables  6-11  auid  6-12  have  all  been  carried  through  the  . 
first  additi<xi  time  of  the  first  shift  sequence  since  the  reason  for  the  liiq}08- 
sibility  of  -example  C  shows  up  at  that  time.  In  e^Kuiples  a  and  B  (and  also  in 
table  6-3)  when  the  remainder  f^om  the  radicand  is  shifted  the  9  at  the  extreme 
left  is  thrown  away,  This  9  (preceded  by  sign  U)  is  not  a  significant  figure 
since  it  is  merely  the  complement  of  a  non-significant  zero  at  the  left.  In 
example  C,  however,  the  figure  8  at  the  far  left  of  the  remainder  from  the 
radicand  is  thrown  away  when  shifting  takes  place.  This  figure  (preceded  by 
sign  M),  the  complement  of  the  digit  1,  is  a  significant  figure.  Therefore, 
when  the  basic  square  rooting  sequence  is  resxmed  after  the  completion  of  the 
shift  sequence p, it  will  be  resumed  with  an  incorrect  remainder  from  the  radicand, 
A  significant  figure  of  the  remainder  from  the  radicand  will  be  thrown  away  in 
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the  first  shift  sequence  whenever  the  first  two  decade  places  at  the  extreme 
left  of  the  radicand  accumulator  are  occupied  by  the  numbor  25  or  any  greater 
number*  Therefore,  in  general,  AT  LE/'*ST  ONE  ZERO  SHOULD  PRECEDE  THE  FIRST  NON 
ZERO  DIGIT  (at  the  extreme  left)  OF  TJffi  RADICAND, 

If  the  radicand*  s  decimal  point  occurs  n  (positive  to  the  right j 

negative  to  the  left)  decade  places  from  the  PM,  the  decimal  point  of  twice 

the  root  occurs  n  ^  i  places  from  the  PM,  For  example,  in  the  con^jutation 

2  * 

of  table  if  the  decimal  point  is  considered  to  occ\ir  between  the  digits  1 

and  3  of  the  radicand,  then  n  is  4  and  the  decimal  point  of  twice  the  root  occurs 

3  places  to  the  left  of  the  PM  or  after  the  digit  8,  The  rule  given  above  may 

bo  derived  from  considerations  arising  out  of  the  material  in  Table  6-1, 

8 

From  the  fact  that  the  divider  emits  +1  or  -1  unit  in  the  10  decade 
for  every  repetition  of  the  basic  division  sequence  until  the  first  shift 
sequence  of  period  I,  it  can  be  seen  that  if  the  first  non-zero  digit  at  the 
left  of  the  denominator  occupies  the  same  decade  place  of  the  denominator  accu¬ 
mulator  as  the  second  (from  the  left)  non-zero  digit  of  the  numerator  does  in 
the  numerator  accvinulator,  then  the  first  (from  the  left)  non-zero  digit  of 
the  quotient  occupies  either  the  first  of  second  decade  place  to  the  left  of 
the  PM  in  the  quotient  accumulator  (see  Section  6,3).  If  the  standard  alignment 
of  the  denminator  is  defined  to  mean  the  alignment  in  which  the  first  non-zero 
digit  of  the  denominator  occurs  one  decade  place  further  to  the  right  than  does 
the  first  non-zero  numerator  digit,  then  shifting  the  denominator  k  places  to 
the  left  or  right  of  the  standard  alignment,  results  in  shifting  the  alignment 
of  the  quotient  k  places  to  the  right  or  left  respectively  of  the  position 
described  above.  Since  with  the  standard  alignment  of  the  denominator,  the 
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first  (fron  the  left)  non-zero  digit  of  the  quotient  may  occupy  the  extreme  left 
decade  of  the  quotient  accumulator,  it  follows  immediately  that  THE  FIRST  (from 
the  LEFT)  NON-ZERO  DKNOLHIIaTOR  DIGIT  ilUST  NEVER  OCCUR  IN  A  DECi^D£  PLaCE  TWO 
OR  MORE  TO  THE  RIGHT  OF  THE  DECaDE  PL.-.CE  OF  THE  FIRST  (from  the  LEFT)  NON-ZERO 
DIGIT  OF  THE  fRJf\IERiiTCR  or  else  the  quotient  nay  exceed  the  capacity  of  the 
quotient  accumulator. 

Another  restriction  on  the  placement  of  the  denominator  is  that  THE 
FIRST  (from  the  LEFT)  NON-ZERO  DENOMIN.^TQR  DIGIT  MUST  NOT  OCCUPY  THE 
F-^  LEFT  DEC..DE  PLACE  OF  THE  DENailN-.TCR  iXCUMUL/.TCR.  The  reason  for  thi^ 
restriction  is  similar  to  the  reason  for  not  placing  the  first  non-zero  radicand 
digit  in 'the  extreme  left  hand  decade  place  of  the  nuraerator  accumulator  (see 
Table  6-12),  If  this  rule  is  violated,  a  significant  figure  of  the  remainder 
from  the  numerator  nay  be  discarded  when  the  first  shift  sequence  of  period  II 
occurs. 

If  the  decimal  points  of  the  numerator,  denominator,  and  quotient 
respectively  occur  n,  d,  and  ^  pla  ces  from  the  PM  place  (where  n,  d,  and  q  are 
positive  when  counted  toward  tbo  right  from  the  PM  place),  then  cj  may  be  pre¬ 
dicted  by  the  following  formula: 

q  =  n  -  d  +  2 

The  following  tabulation  based  on  the  example  in  table  6-2  illustrates  this  rule. 


Numerator 

n 

Denominator 

— 

d 

Quotient 

q 

P  0  209.070  000 

B 

P  0  2:.30  000  000 

2 

P  0  09l»OOC.OOO'.  J 

4 

P  0.209  070  000 

D 

P  0  23.0  000  000 

3 

P.O  09l  000  000 

0 

I  p  0.209  070  000 

B 

p  0  23O.  000  000 

4 

(P.O  091  000  000)xl0“^ 
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Figure  ^1 
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6.5.  ILLUSTRJ^TIVE  PR0BLE2i  SET-UP 

Table  6-13  contains  instmctions  for  setting  up  the  units  of  the  EtillAC 
to  carry  out  a  computation  illustrating  typical  situations  which  arise  when  the 
divider  and  square  rooter  is  used.  The  symbols  used  in  this  table  with  reference 
to  accumulators  and  the  high-speed  multiplier  have  been  previously  taken  up  in 
chapters  II  and  V,  The  master  programmer  is  used  in  this  set-up  to  route  a 
program  pulse  received  by  it  over  a  given  program  lino  (1-2)  into  3  different 
program  lines  (2-A,  2-5,  and  2-6)  on  3  different  occasions.  Fur  details  con¬ 
cerning  this  use  of  the  master  progrfimmer  see  Chapter  X.  The  instructions  to 
the  master  programmer  appear  in  the  double  column  immediately  after  the  addition 
time  column  of  Table  6-13.  The  first  half  of  the  double  column  shows  the  input 
terminal  to  which  the  program  pulse  from  line  1-2  is  delivered.  The  second  half 
of  the  column  designates  the  program  output  terminal  (Aj^o,  A2O,  or  A^o)  tlirough 
which  the  master  programmer  delivers  the  program  output  pulse  and  the  program  line 
tp  which  the  program  pulse  output  terminal  is  connected  (2-4,  2-5,  or  2-6). 

The  set-up  table  instructions  given  to  the  divider  and  square  rooter 
occupy  5  levels.  These  Instructions  appear  in  the  following  order: 

1)  on  the  first  level,  i-j  represents  the  program  input  pulse 
and  (1^  the  program  control  number 

2)  on  the  second  level, 

the  first  pair  of  symbols  represents  the  numerator  accumulator  re¬ 
ceive  and  clear  switch  settings, 

the  second  pair  of  symbols  represents  the  denominator  accumulator 
receive  and  clear  switch  settings. 
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the  last  s^nnbol  represents  the  answer  disposal  switch  setting  (Ij  2^ 

3,  4,  or  O),  The  code  for  1-4,  which  depends  on  the  adaptor  used.  Is 
given  at  the  head  of  the  divider  and  square  rooter  column. 

3)  on  the  third  level, 

the  first  pair  of  symbols  represents  the  setting  of  the  divide- 
square  root  and  places  switch, 

the  next  symbol  represents  the  round  off  switch  setting, 

4)  on  the  fourth  level  the  setting  of  the  interlock  switch  (I  or  NI)  is 
given.  In  interlock  programs  the  program  line  from  which  the  inter¬ 
lock  pulse  is  received  is  noted  in  a  parenthesis  next  to  the  symbol  I, 

5)  on  the  fifth  level,  which  is  written  on  the  line  for  the  addition 
time  which  represents  the  last  one  of  the  program,  the  program  out¬ 
put  pulse  is  written. 

For  example,  the  group  of  symbols  shown  at  the  left  below  describes  the 

In  addition  time  1-5  e  program  pulse 
from  line  1-1  stimulates  control  5  to 
carry  out  a  square  rooting  program  to 
8  places  with  round  off.  The  radi- 
cand  is  received  via  the  a  input 
channel  of  the  numerator  accumulator 
and  the  numerator  accumulator  is 

^he~ practice  adopted  here  with  regard  to  counting  addition  times  is  to  identify 
addition  times  by  a  roman  numeral  and  arable  numeral,.  A  new  roraan  numeral  is 
used  when  a  division  program  is  ccanpleted  and  addition  times  are  then  counted 
fr«ri  arable  numeral  1  again. 


following  instnictions: 
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cleared  at  the  end  of  the  program.  The  interlock  pulse  is  received  from 
program  line  2-6,  At  the  end  of  the  progrcjn  a  program  output  puJ.se  is  emitted 
0'''’or  line  i-3*  Twice  the  square  root  is  disposed  of  subtractively  J’ron  the 
denoTO.nator  accumulator  which  is  then  cleared. 

TVie  conventions  used  with  regard  to  the  divider  and  square  rooter  in 
set-up  diagrams  are  explained  in  Figure  6-1  and  those  relating  to  the  master 
programmer  in  Figure  1.0-1  of  Chapter  X. 

T!ie  computation  described  in  Table  6-13  aonsists  of  forming  X  where 


It  is  assumed  that  the  quantities  a,  2b,  c,  d,  Xj_,  X2,  and  have  been  formed 
before  this  computation  begins  and  they  are  stored  in  the  units  indicated  in 
the  table  on  the  line  corresponding  to  addition  time  zero.  The  ranges  of  these 
quantities  are  indicated  on  the  table  and  the  fact  that  a  quantity' s  decimal 
point  occurs  n  decade  places  from  the  is  symbolized  by  QQ  where  n  is  positive 
when  counted  toward  the  right. 

The  computation  of  N  a  begins  in  addition  time  I-l  and  the  computation 
ef  >  X  •  proceeds  in  parallel  with  this.  Only  two  program  controls  on  the 
high-speed  multiplier  are  devoted  to  the  6  multiplications  involved  in  forming 
y  x^  ^  ,  To  do  this,  however, '3  stages  of  master  programmer  stepper  A  (see 
Chapter  X)  and  3  dummy  programs  (set  up  on  program  controls  5»  6,  and  7  of 
accumulator  9)  are  used,  VJhile  approximately  the  same  amount  of  equipment  is 
required  as  would  be  the  case  if  6  multiplier  programs  were  used,  this  procedure 
may  be  desirable  in  computations  where  so  many  multiplications  are  performed 


VI  -  46 


that  multiplier  program  controls  are  at  a  premium. 

Program  control  of  the  high  speed  multiplier  is  used  for  the 
3 

computation  of  ,  One  addition  time  before  this  control  is  stimulated,  how¬ 
ever,  the  accumulator  which  stores  the  particular  needed  is  stimula.ted  to 
transmit  twice  to  the  ier  and  icand  accumulator.  Since  the  high-speed  multi¬ 
plier  is  stimulated  in  time  for  only  the  second  transmission,  the  ier  and  icand 
accumulators  receive  not  2x^  but  only  x^, 

x^^  is  formed  immediately  after  x^^  through  the  use  of  high-speed  multi¬ 
plier  program  control  ^id) .  The  number  x^  remains  in  the  ier  accumulator  from 

2 

the  previous  multiplication  and.x^  is  received  in  the  icand  accumulator  from 

3 

the  final  product  accumulator.  V/hen  this  mult ipli cation  is  comp].etGd,  2x^  is 
transferred  to  accumulator  12.  The  multiplier  is  made  to  stimulate  the  disposal 
of  twice  the  product  stored  in  the  product  accumult^tor  by  setting  the  product 
disposal  switch  at  SC  and  connecting  the  SC  output  terminal  on  panel  3  of  the 
multiplier  to  a  program  control  on  o.ccuraulator  13  which  is  instructed  to  trans¬ 
mit  two  times  additively  with  clearing. 

The  master  programmer  in  this  problem  serves  to  pick  out  the  argument 
which  is  to  be  used  whenever  multiplier  program  control  (9)  is  to  operate  and 
indirectly  stimulates  the  performance  or  non-performance  of  the  program  set-up 
on  rdultiplier  control.^;  ,  The  former  action  occurs  because  the  master  program¬ 
mer'  s  output  pulse  is  delivered  to  a  program  control  on  the  appropriate  accumu- 
latori  the  latter  effect  occurs  because  the  master  prograriimer' s  output  pulse 
is  delivered  to  dummy  program  controls  whose  output  pulses,  in  turn,  are 
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delivered  to  progra:n  control  ^  as  long  as  this  multiplication  program  is  to 
be  repeated.  After  the  third  sequence  if  two  multiplications  has  been  performed, 
the  output  of  the  master  programmer  is  delivered  to  the  interlock  pulse  input 
terminal  of  the  divider  and  square  rooter  to  Inform  this  \init  that  2  21 
has  been  f  ormed  and  that  the  division  of  2  V'a'  +  2  by  2b  can  take  place 

whenever  the  divider  and  square  rooter  has  completed  the  foniiation  of  2  Va7  , 
V/hen  the  divider  and  square  rooter  has  completed  the  computation  of 
2  >'a"  the  result  is  transmitted  (during  addition  time  II-l)  to  acsumulator  12 
which  has  been  storing  •  In  the  next  addition  time,  the  divider  and 

square  rooter  commences  the  division  program  (set  up  on  program  control 
and  the  high  speed  multiplier  begins  the  multiplication  of  c  x  d  (set  up  on 
program  control  ,  Vftien  the  multiplication  program  Is  completed,  c  x  d 
is  transferred  to  accumulator  12  which  also  receives  —  when  the 

D 

division  program  is  completed.  Thus,  by  the  end  of  addition  time  III-l, 
accumulator  12  stores  x  and  emits  a  program  pulse  (carried  on  line  1-7)  which 
can  be  used  to  stimulate  the  next  conqjutation  sequence  if  any. 
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VII  FUNCTION  TABLE 

The  ENIAC  contains  three  function  table  units  each  of  which  can  be 
used  to  store  values  of  one  or  more  functions  tabulated  against  an  independent 
variable  and  can  be  programmed  to  look  up  and  transmit  the  values  so  stored. 
The  function  table  is  useful  not  only  fbr  storing  and  selecting  values  of  a 
function  (as  the  term  is  ordinarily  defined)  but  also  makes  it  possible  to 
store  and  have  readily  available  any  numerical  data  which  can  be  tagged  with 
two  digit  numbers  increasing  raonotonically  between  0  and  99.  Thus,  a  function 
table  could  be  used  to  stohe  the  coefficients  and  constant  terms  of  a  system 
of  simultaneous  equations  or  programmatic  information.  The  function  table 
requires  fr+A  addition  times  to  look  up  the  value  of  a  function  and  transmit  it 
repetitively  r  times. 

The  following  pages  will  be  concerned  with;  program  controls  (7.1) 
common  programming  circuits  (7.2);  numerical  circuits  (7.3)j  storage  of  pro~ 
gramming  informati;‘n  in  the  function  table  (7.4);  3-nd  illustrative 
problem  set-ups  (7.5).  Reference  will  be  made  to  the  following  diagrams; 

Function  Table  Block  Dir- gram  PX-7-304 

Function  Trible  Front  View  PX-7-305 

Function  Table  Front  Panels  PX- 7-302,  303 

7.0.  GENERAL  SUMMARY  OF  THE  FUNCTION  TABLE 

The  function  table  can  store  lOA  entries  of  one  or  more  functions 
with  each  entry  associated  with  an  argument  between  -2  and  101.  By  an  entry 
is  meant  12  digits  any  one  or  all  of  which  may  vary  from  entry  to  entry  and 
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two  signs,  eithei*  variable  or  constant.  In  addition,  8  digits,  constant 
throughout  the  range  of  the  table,  may  be  set  up  manually  on  switches. 

If  a  is  the  argument  (where  o  <  a  <  99)  and  f  (a)  is  the  information 
stored  in  the  function  table  line  corresponding  to  value  a  of  the  argument, 
the  function  table  can  be  programmed  to  look  up  f(a-2),  f(a-l),  f(a),  f(a+l), 
f(a+2),  or  the  complement  of  any  of  the  preceding  and,  furthermore,  can  be 
programmed  to  transmit  the  number  looked  up  repetitively  from  one  to  nine 
times.  Four  addition  times  are  required  for  looking  up  the  value  of  a  function 
and  one  more  addition  time  is  needed  for  each  transmission  of  the  functional 
value , 

The  function  table  can  also  exert  sOme  program  control  on  the  accumu¬ 
lator  used  to  store  the  argument  since  it  is  capable  of  transmitting  a  program 
pulse  to  stimulate  the  argument  accumulator  to  transmit  the  argument  to  the 
function  table  and  then  either  to  clear  or  not  clear.  In  addition,  the 
function  table  is  capable  of  receiving  a  pulse  which  will  stimulate  it  to 
carry  out  the  operations  noted  <above  and  then,  of  transmitting  a  program 
output  pulse. 

The  physical  appearance  of  the  function  table  can  be  seen  on 
pX-7-305.  The  function  table  has  the  two  panels  shown  here  and  in  addition, 
a  portable  function  table  (see  ENIAC  Floor  Layout,  PX-1-302)  which  extends  into 
the  center  of  the  floor.  As  its  name  iE^jlies,  the  portable  function 

table  can  be  moved  around  and,  any  of  the  tables  (A,  B,  C  on  PX-1-302)  can 
be  used  with  any  one  of  the  function  tables.  The  portable  function  table  will 
be  discussed  in  greater  detail  in  Sec.  7«3. 
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In  Its  pomponents  and  method  of  operation  the  function  table  Is 
very  much  like  the  high-speed  multiplier.  The  numerical  circuits  etmslst 
of  a  portable  function  table  (analogous  to  the  multiplication  tables),  argu¬ 
ment  counters,  argument  Input  gates  (analogous  to  the  ler  selector  gates), 
table  output  gates  (analogous  to  the  coding  gates  In  the  high-speed  multiplier), 
and  the  1,  2,  2',  4,  and  9P  gates. 

There  is  a  difference,  however,  between  the  high-speed  multiplier 
and  the  function  table  In  the  way  in  which  the  argument  is  fed  to  the  function 
table.  Here,  the  argument  Is  delivered  In  pulse  form  (rather  than  In  the  form 
of  static  outputs)  to  the  function  table  where  it  Is  set  up  In  the  argument 
counters  (a  decade  ring  counter  for  units  place  with  carry-over  to  the  11  stage 
counter  used  for  tens  place  of  the  argument).  The  argument  input  gates  are 
then  set  up  by  the  static  outputs  of  the  argument  counters  In  the  function 
table . 

The  function  table's  numerical  circuits  also  Include  8  constant 
digit  switches  which  have  a  purpose  similar  to  that  of  the  table  output 
gates  except  that  the  fomer  are  used  only  for  digits  which  remain  the  same 
throughout  the  table.  A  sign  which  remains  constant  over  the  whole  table  can 
be  set  up  on  one  of  the  two  master  FU  switches.  The  subtract  pulse  switches 
make  it  possible  to  transmit  the  I'P  over  the  leads  for  certain  pleices  when 
the  function  table  transmits  subtractlvely  so  that  complements  with  respect 
to  10  can  be  emitted. 

The  common  programming  circuits  of  the  function  table  consist  of 
a  13  stage  program  ring  ahalagous  to  the  program  ring  In  the  high-speed  multi¬ 
plier,  the  argument  correct  gates  (F-144)  which  make  it  possible  to  look  up 
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f(a-2),  f(a-l),  f(a),  f(a+l),  f(a+2),  the  add  and  subtract  gates  and  the 
flip-flops  (C  and  D  46,  47)  they  control  which  make  it  possible  for  either 
the  function  or  its  con^ilement  to  be  looked  up,  and  the  argument  flip-flop 
which  controls  the  setting  up  of  tens  place  of  the  argment  in  the  argument 
selectors.  There  are  also  circuits  for  clearing  the  program  ring  and  the 
argument  counters,  and  for  resetting  flip-flops.  The  C  and  NC  transmitters 
and  their  output  terminals  on  front  panel  1  which  can  deliver  a  pulse  to  the 
argument  accumulators  to  stimulate  transmission  of  the  argument  may  also  be 
counted  amonis  the  common  programming  circuits. 

The  programming  circuits  mentioned  above  can  be  operated  by  any  one 
of  the  function  table's  eleven  program  controls.  Each  program  control  includes 
a  transceiver  with  program  pulse  input  and  output  terminals  on  front  panel  1 
correlated  with  an  operation  switch,  an  argument  clear  switch,  and  a  repeat 
switch. 

The  r+4  addition  times  required  for  the  looking  up  of  a  function 
and  its  repetitive  transmission  r  times  are  spent  in  the  following  way* 

0  Program  input  pulse  is  received 

1  Function  table  emits  C  or  NC  program  output  pulse  to 
stimulate  transmission  of  argument. 

2  Function  table  receives  digit  pulses  for  the  argument, 

3  Argument  stored  in  the  argument  counters  of  the  function  table 
is  corrected  to  the  value  specified  on  the  operation  switch 

4  Appropriate  line  of  the  portable  function  table  is  activated. 
Functional  value  is  transmitted  for  the  first  time. 


5 


U*r  Functional  value  is  transmitted  for  the  time  and 
a  program  output  pulse  is  emitted  after  the  trans^^ 
mission. 


7.1.  PROGRALI  CONTROLS 

A  pulse  recGivod  at  one  of  the  11  program  input  terminals  of  the 
function  table  stimulates  the  function  table  to  carry  out  the  progriim  set  up 
on  the  program  switches  of  the  control  of  which  thet  input  terminal  is  e.  part. 
Each  program  control  offers  the  operator  options  as  to: 

1)  which  of  five  (^lines’'  of  the  table  is  to  be  entered  for  a  given 
value  of  the  argument, 

2)  whether  the  entry  tabulated  on  the  specified  line  or  its 
complement  is  to  be  looked  up  and  transmitted, 

3)  whether  or  not  transmission  of  the  argument  to  the  function  table 
is  to  be  stimulate ri  by  the  function  table, 

U)  the  number  of  times  (from  1  to  9)  in  succession  the  function 
table  is  to  transmit  the  vf'luc  looked  up. 

The  function  table  follows  the  program  instructions  set-up  on  the 
control  in  a  fashion  similar  to  that  discussed  previously  (sec  accximulator  and 
high-speed  multiplier,  for  example).  A  pulse  received  at  an  input  terminal 
flips  the  flip-flop  of  the  transceiver  into  the  abnormal  state.  As  a  result, 
signals  from  the  transceiver  .(indirectly  through  inverters  and/or  buffers) 
pass  through  the  program  switches  and  then  proceed  to  ca.uae  the  common  program- 
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ming  circuits  (see  Sec,  7.2.)  to  operate  appropriately.  As  in  units  previously 
discussed,  also,  the  reset  signal  for  the  transceiver*  s  flip-flop  comes  from  the 
unit's  program  ring  and  passes  through  the  repeat  switch  of  the  control.  After 
the  function  has  been  transmitted  the  number  of  times  indicated  by  the  setting 
of  the  repeat  switch,  the  flip-flop  is  reset  and  a  program  output  pulse  is  trans¬ 
mitted. 

It  is  to  be  noted  that  the  program  output  pulse  is  emitted  after  the 
function  is  transmitted.  Therefore,  the  output  pulse  cannot  be  used  to  stimn- 
late  an  accvimulator  to  receive  the  function,  but  a  pulse  from  some  other  source 
must  be  provided  for  this  purpose  four  addition  times  after  a  function  table 
transceiver  is  stimulated. 

Program  noons  on  front  panel  1  (see  PX-7-305)  each  correlated  with 
a  program  control  enable  the  observer  to  see  which  program  control  has  been 
stimulated  at  a  given  tiine  and,  hence,  which  program  should  be  in  operation. 
7,1,1.  The  Operation  Switch 

The  operation  switch  has  ten  possible  positions.  The  five  left  hand 
(add)  positions  are  used  when  it  is  desired  to  transmit  the  value  tabiiiatod  on 
a  certain  linej  the  five  right  hand  (subtract)  positions  specify  transmission 
of  the  complement.  If  a  is  the  argument  received  in  the  function  table  (where 
0  <  a^  99),  the  setting  -2,  -1,  ...,  or  2  respectively  specifies  that  line 
a-2,  a-1,  . , . ,  or  a+2  of  the  portable  function  table  is  to  be  entered. 

The  function  table  is  especially  well  adapted  to  interpolation  by 
means  of  algebraic  interpolation  polynomials  of  degree  1,  2,  3,  or  U  since, 
by  setting  up  several  program  controls,  the  operator  can  readily  produce  func¬ 
tional  values  for  values  of  the  argument  surrounding  the  one  for  which  the 


VII  -  7 


intcrpolRtion  is  being  carried  out.  Interpolation  of  degree  higher  than  the 
fourth  can  also  be  done.  However,  in  order  to  obtain  several  of  the  entries 
required  fpr  such  higher  degree  interpolation,  the  argument  must  be  changed 
before  its  transmission  to  the  function  table.  For  example,  to  interpolate 
by  means  of  the  Newton  Gregory  forward  interpolation  fomulr-  out  to  sixth 
differences  requires  f(a),  f(a+l),  f(a+6).  The  entries  f(a),  f(a+l), 

f(a+2)  can  be  obtained  in  succession  by  using  three  program  controls  with 
operation  switches  set  at  0,  1,  2,  and  by  feeding  a  to  the  function  table. 

The  remaining  entries  nay  be  produced  by  foiroing  a'  =  a't‘5  in  the  accumulator 
in  which  the  argument  is  stored  and  then  using  program  controls  set-up  to 
produce  f(a'-2),  f(a*-l),  f(a‘+l), 

7.1.2.  Argument  Clear  Switch 

The  argument  clear  switch  can  be  set  at  C,  NC,  or  0,  If,  on  a  given 
program  control,  the  switch  is  set  at  C  or  NC,  at  the  end  of  the  first  addition 
time,  a  program  output  pulse  is  transnd.ttcd  from  the  correspondingly  labelled 
terminal  on  front  panel  1  (see  PX-7-302),  If,  the  argument  clear  switch  is 
set  at  0,  no  pulse  is  transmitted  from  either  the  C  or  NC  program  pulse  out¬ 
put  terminals. 

The  operator  can  utilize  the  C  or  NC  pulse  to  stimulate  transmission 
of  the  argument  to  the  function  table  by  connecting  the  C  and  NC  terminals  to 
suitably  set  up  program  controls  on  the  argument  accumulator  or  accumulators. 

If  the  argument  for  a  given  function  table  is  always  stored  in  one  accumiilator, 
the  C  terminal  can  bo  connected  to  a  program  control  on  the  argument  acc\miu- 
lator  set  up  for  transmission  with  clearing  and  the  NC  terminal,  to  a  program 
control  set-up  for  tr^msinission  without  clearing.  If,  on  the  other  hand,  the 
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argument  for  a  given  function  table  is  stored  soiaetincs  in  one  accumulator  and 
sometimes  in  another,  the  operator  nay  find  it  convenient  to  use  the  C  pulse 
to  stimulate  transmission  of  the  argument  fron  one  accunulptor  and  the  NC 
pulse  to  stinulate  transmission  from  the  other  argument  accumulator, 

IVhen  the  arguiaent  clear  switch  is  set  at  0,  the  operator  nust  pro¬ 
vide,  independently,  for  a  program  pulse  to  stimulate  the  transmission  of  the 
argument  to  the  function  table  (unless  the  argument  is  to  be  zero).  Such  a 
pulse  nust  be  delivered  to  the  argument  accumulator  one  addition  time  after 
the  program  pulse  which  stimulates  the  function  table  program  control  since 
the  argument  nust  be  received  in  the  function  table  during  the  second  addition 
time  of  a  program, 

7.1.3.  The  Repeat  Switch 

The  purpose  and  use  of  the  function  table  repeat  switch  is  the  same 
as  that  of  the  accumulator' repeat  switch.  It  enables  the  operator  to  secure, 
on  any  given  progr?jjii,  repetitive  transmission  of  the  function  looked  up  r 
times  (where  1  ^  r  <  9)  and  causes  a  program  output  pulse  to  be  transmitted 
when  the  last  repetition  has  been  accomplished,  r+4  addition  times  after  the 
reception  of  a  program  input  pulse, 

7.2.  COMMON  PROGRAJ.MIKG  CIRCUITS 

The  device  used  to  clock  the  advance  of  the  function  table  through 
the  sequence  of  suboperations  involved  in  looking  up  and  transmitting  a  func¬ 
tional  value  is  the  program  ring  counter  (usually  abbreviated  ls  the  program 
ring).  This  is  a  thirteen  stage  counter  with  the  first  sta/.:e  labelled  -3 


VII  -  9 


(see  PX-7-304)  and  the  last  9.  The  program  ring  neons  (shown  on  PX-7-305) 
are  correlated  with  the  13  stages  of  the  program  idng. 

The  program  ring  clears  to  stage  -3  when  initial  clearing  takes 
place  and  whenever  a  function  table  program  is  completed.  The  reception  of 
a  program  pulse  by  any  transceiver  results  in  opening  a  gate  (D,  E,  or  Fi+9) 
which  allows  the  ring  to  receive  a  CPP  evch  addition  time  as  long  as  the 
transceiver' s  flip-flop  remains  in  the  abnormal  state .  Each  CPP  then  cycles 
the  ring  1  stage.  In  this  section,  the  program  ring  and  its  effect  on  associa¬ 
ted  gstes  and  fliprflops  are  discussed  (see  Table  7-1  for  a  summary). 

During  the  first  addition  tine  of  a  function  tabic  program  (i.e, 
while  the  ring  is  in  stage  -3),  gate  J48  is  opened  so  thc.t  the  next  CPP  (after 
the  one  received  by  the  transceiver)  can  pass  through  it  and  then  out  through 
whichever  of  the  gates  H(46)  or  H(/i7)  is  open  as  the  result  of  the  setting  of 
the  argument  clear  switch  to  NC  or  C  respectively.  This  pulse  is  the  one  re¬ 
ferred  to  in  Sec.  7.1.2.  as  the  NC  or  C  pulse. 

Simultaneous  with  the  transmission  of  the  C  or  NC  pulse,  the  program 
ring  cycles  to  stage  -2,  During  this  addition  time,  the  second  of  the  program, 
a  signal  from  stage  -2,  opens  gates  D/+2  and  H42,  the  gates  to  the  units  and  tens 
place  argument  counters  to  allow  the  argument  to  be  roceived  in  the  argument 
counters. 

In  the  third  addition  time  a  signal  from  stage  -1  allows  0,  1,  2,  or 
3  (depending  on  the  setting  of  the  operation  switch)  pulses  to  pass  thi'ough 
gate  E/4.2  and  be  delivered  to  the  argument  counters  so  as  to  correct  the  argu¬ 
ment  to  the  value  specified  by  the  operation  switch  setting  (see  Sec,  7.3.2.) 
During  this  addition  tine,  too,  gate  F47  is  open  so  that  the  1'  pulse  trans- 
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TABLE  7-1 

CHRONOLOGICAL  OPERATION  OF  THE  FUNCTION  TABLE'S 
PROGRAMING  CIRCUITS 


End  of 
0 


1)  Program  input  pulse  is  received  _  _ 


1)  Signal  from  stage  -3  gates  CPP  through  gate  JAo*.  Output 
of  gate  JZ|8  gated  through  gate  H46  or  gate  HA7  by  normal 
ly  positive  output  of  transceiver's  flip-flop  is  emitted 
as  C  or  NC  pulse. 

2)  CPP  gated  through  D,  E,  or  F49  cycles  program  ring  to 
stage  -2. 


1)  Signal  from  stvige  -2  opens  gates  D  and  H42  so  that 
argument  can  be  received  in  argument  counters, 

2)  Program  ring  cycles  to  stage  -1, 


1)  Signal  from  stage  -1  opens,  gate  E42  to  allow  the  argu¬ 
ment  correct  pulses  to  pass  through  to  the  argument 
counter  for  units  place. 

2)  Signal  from  stoga  -1  gates  I'P  through  gate  F47*  Out¬ 
put  of  gate  F47  sets  argument  flip-flop. 

3)  Program  ring  cycles  to  stage  0, 


1)  Signal  from  stage  0  gates  CPP  through  gate  GA8.  Output 
of  gate  GZ*S  gated  through  gate  E47  SS'te  E46  by 
normally  negative  output  of  transceiver's  flip-flop  sets 
Add  or  Subtract  flip-flop  respectively. 

2)  Program  ring  cycles  to  stage  1 


1)  Signal  from  A  or  S  flip-flop  in  the  abnormal  state 
allows  1,  2,  2' ,  4  Jind  9P  to  pass  through  certain  of 
the  pulse  gates  to  provide  the  function  table  with  the 
puises  for  the  functional  value, 

2)  Program  ring  c3rcles  to  stage  2  unless  the  repeat  switch 
is  set  at  1 


1)  Functional  value  is  transnu.tted  for  the  time, 

2)  Signal  from  stage  r  of  the  program  ring  passes  through 
point  r  on  the  repeat  switch  to  gate  62  in  the  trans¬ 
ceiver,  Signal  omitted  by  gate  62  gates  CPP  through 
gs-te  68  to  provide  a  reset  signal  for  the  transceiver 
and  a  program  output  pulse, 

3)  The  signal  frcjm  gate  62  also  gates  a  CPP  through  gate 
C48  to  provide  a  reset  signal  for  flip-flops  B,  C,  and 
D46-47  and  gates  a  CPP  through  gate  B48  »nd  gate  A48 
which  clears  the  program  ring  to  stage  -3  and  the  argu¬ 
ment  counters  to  zero. 
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mltted  In  this  addition  time  is  allowed  to  pass  and  thus  to  flip  flip-flop 
B46— 47  into  the  abnoriaal  state.  This  provides  a  negative  signal  to  turn 
off  the  tubes  marked  Bll  and  B,  C,  ,,,  LI  and  thus  to  allow  the  argument 
Input  gates  to  set  up  in  adcordance  with  the  number  registered  in  the  argu¬ 
ment  counters*  Flip-flop  B46-47  is  referred  to  as  the  argument  flip-flop 
and  its  operation  is  correlated  with  the  argument  neon  on  front  panel  1  (see 
PX-7-305). 

During  the  fourth  addition  time  the  argument  selector  gates  finish 
setting  up.  In  this  time,  too,  a  signal  from  stage  zero,  opens  G48  so  that 
the  next  CPP  can  be  passed  through  it  (at  the  time  of  the  fourth  CPP  after 
the  one  received  by  the  transceiver).  The  pulse  passed  through  gate  GJtS  then 
passes  through  gate  £46  or  £47  (£4^  is  open  if  the  operation  switch  is  set  at  a 
subtract  point ;  £47  is  open  if  the  operation  switch  is  set  at  an  add  point)  thus 
(in  the  fifth  addition  time)  flipping  the  subtract  or  add  flip-flop  respectively 
into  the  abnormal  state.  The  subtract  and  add  flip-flops  control  the  trans¬ 
mission  of  the  complement  of  a  function  and  the  function  respectively  (see 
Sec.  7>4«)«  These  two  flip-flops  are  correlated  with  the  add  and  subtract 
neons  on  PX-7-305, 

In  the  fifth  addition  time  the  program  ring  is  on  stage  1,  In  this 
addition  time  and  in  every  subsequent  one  until  the  transceiver's  flip-flop  is 
reset,  the  functional  value  which  has  been  looked  up  is  transmitted.  The 
stages  from  1  to  9  of  the  program  ring  are  correlated  with  the  points  1-9 
respectively  on  the  repeat  switch.  When  the  program  ring  reaches  stage  r, 
the  number  set  up  on  the  repeat  switch,  a  signal  from  stage  r  passes  through 
the  repeat  switch  and  opens  the  transceiver's  reset  gate  (62),  This  results 
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in  the  activation  of  the  function  table' s  clear  circuits  so  that  the  ring  is 
cleared  to  stage  -3,  the  arguirvent  counters  are  cleared  to  aero,  and  the  three 
programming  flip-flops  r.ventioned  above  arc  react  by  the  next  CPP,  The  opening 
of  the  reset  gate  also  results  in  allowing  the  next  CPP  (i.e,  the  (4+^)th  after 
the  one  that  stimulated  the  progrsm  control)  to  pass  through  gate  68  and  then  to 
reset  the  transceiver' s  flip-flop  and  to  be  transmitted  as  a  program  output 
pulse . 


7.3.  NUMERICAL  CIRCUITS 

7.3.1.  Storage:  Portable  Function  Table,  Master  PM  Switches,  Digit  Delete  and 
Constant  Digit  Switches,  Subtract  Pulse  Switches. 

The  function  table  can  be  set  up  to  store  104  entries  each  consisting 
of  20  digits,  and  2  signs.  Twelve  of  the  digits,  variable  from  entry  to  entry, 
are  tabulated  on  the  switches  of  the  portable  function  table.  The  remaining  8 
digits  must  be  constant  throughout  the  range  of  the  argviment.  These  are  set  up 
on  the  constant  digit  switches.  The  signs  may  be  either  varioble  or  constant. 
Function  output  terminals  A  and  B  on  panel  2  are  each  responsible  for  the  trans¬ 
mission  of  a  sign,  4  constcint  digits,  and  6  variable  digits  (see  Table  7-2), 
Whenever  the  function  table  is  stimulated,  information  is  emitted  simultaneously 
through  both  function  output  terminals. 

The  function  table  permits  great  flexibility  in  the  way  in  which  it 
la  set  up  and  used.  One  sign  and  &S  many  as  20  digits  may  sometinies  be  used 
for  a  single  function.  The  2  FM' s,  one  with  k  and  the  other  with  20-k  (where 
0  k  ^  20)  digits,  can  be  used  for  2  functions.  As  a  matter  of  fact,  more  than 
2  signed  functions  can  be  stored  by  setting  up  numbers  zero  and  nine  for  sign 
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indication  P  and  M  respectively  on  switches  ordinarily  used  for  digits  provided 
that  these  switches  are  not  required  for  digits.  Of  course,  in  cases  where  the 
digits  for  a  single  function  are  transmitted  through  both  function  output  ter¬ 
minals,  it  may  be  necessary  to  use  adaptors,  shifters  and/or  deleters  in  order 
to  receive  the  functional  value  properly  lined  up  in  another  unit. 

The  portable  function  tabic  is  arranged  with  26  rows  and  28  columns 

of  switches  on  each  of  its  2  faces.  Each  face,  thus,  has  the  switches  for  52 

entries  with  the  14  colvmns  of  switches  for  26  entries  appearing  on  the  left 

those 

half  of  the  face  and,^for  the  succeeding  26  entries  on  the  right  half.  The  sign 
and  6  digits  set  up  on  the  first  7  switches  (at  the  left)  are  emitted  over  terminal 
Aj  the  next  6  digits  and  sign,  over  terminal  B  (see  Table  7-2).  Positive  function¬ 
al  values  are  set  up  with  sign  P  and  the  digits  for  the  absolute  v?alue  of  the 
function.  Negative  values  are  set  up  as  complements,  i.e.  with  sign  M  and  the 
digits  for  the  absolute  value  subtracted  from  son*  power  of  10, 

The  adjective  "variable*'  Is  used  to  describe  the  type  of  function 
table  discussed  above  in  which  the  values  of  the  function  are  set  up  manually 
on  switches  and  which,  with  changed  switch  settings,  c?n  be  used  for  storing 
different  functions  on  different  occiisicns.  At  present,  one  variable  type  is 
used  with  each  function  table  unit.  As  the  need  arises,  portable  function  tables 
of  the  fixed  type  In  which  the  pattern  of  connections  is  permanently  wired  can  be 
constructed  and  used  in  place  of  the  fixed  type ,  Such  a  permanent  table  would 
have  the  advantages  of  always  being  available  for  use  without  the  necessity  for 
tearing  down  a  function  already  set  up  on  switches,  of  being  loss  expensive  to 
build,  and  of  being  considerably  smaller  in  size  than  the  variable  type. 


Master  FM  switches  1  and  2  on  p£jnel  2  (see  PX-7-303)  of  tho  function 


TABLE  7-2 

FUNCTION  OUTPUT  TEffiGNAL  LEADS  AND  ASSOCIATED  S\/ITCHES 


Lead 

associated  Switches  for  Terminal  A 

Associated  Switches  for  Terminal  B 

Master  Sidtch  1  and  Portable  Function  Table 

Switch  in  Column  1  1 

^■faster  PM  Switch  2  and  Portable  Function  Table  Switch 

in  Column  14 

\ 

'  10 

1 

Constant  Digit  and  Digit  Delete  Switches  kk  \ 

Constant  Digit  and  Digit  Delete  Switches  B4 

9  Constant  Disit  and  Di^it  Delete  Switches  A3 

Constant  Digit  and  Digit  Delete  Switches  B3 

1 - - - “ -  - 

8  Constant  Digit  and  Digit  Delete  Switches  A2 

Constant  Digit  and  Digit  Delete  Switches  B2 

i  ; 

j)  7  '  Constant  Digit  and  Digit  Delete  Switches  a.! 

!  Constant  Digit  and  Digit  Delete  Switches  B1 

^  , 

6  ;  Portable  Function  Table  i  Subtract  Pulse  Switch  itlO 

i  Switch  in  Column  2  ! 

I! 

•  ■ 

•  Portable  Function  Table 
i  Switch  in  Column  8 

Subtract  Pulse  Switch  BIO 

1  '  ! 

I  5  i  Portable  Function  Table  '  Subtract  Pulse  Switch  A9 
i  i  Switch  in  Column  3  i 

r 

! 

1  Portable  Function  Table 
'  S-ititch  in  Column  9 

Subtract  Pulse  Switch  B9 

j  4  i  Portable  Function  Table  j  Subtract  Pulse  Switch  a8  ;;  Portable  Function  Table 

1  ;  S;vitch  in  Column  4  !  J  S.Aiitch  in  Column  10 

Subtract  Pulse  Switch  B8 

i 

i  3 

1 

Portable  Function  Table  |  Subtract  Pulse  Switch  a7 
Switch  in  Column  3  j 

1  Portable  Function  Table 
h  Stitch  in  Column  11 

Subtract  Pulse  Switch  B7 

1  2 

1 

Portable  Function  Table  |  Subtract  Pulse  Switch  t>.(> 
Switch  in  Colvmin  6  | 

Subtract  Pulse  Switch  B6 

_ 

1  ^ 

Bortablt  F\inction  Table  ,  Subtract  Pulse  Switch  A5 
Switch  in  Column  7  ' 

[  Portable  Function  Table 

1  S.vitch  in  Column  13 

Subtract  Pulse  Switch  B5 

— 
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table  are  associated  with  the  PM  leads  vf  terndnals  a  and  B  respectively. 

These  switches  have  the  positions  P,  M,  and  Tpble,  If  the  sign  to  be  emitted 
over  one  of  the  terr'iinals  is  constant  throughout  the  range  of  the  table,  this 
constant  sign  may  be  set  up  on  the  associated  master  PM  switch  instead  of  on 
the  lOU  PM  switches  of  the  portable  function  table.  For  a  sign  varying  from 
entry  to  entry  however,  the  appropriate  sign  is  tabulated  in  the  PM  column  of 
the  portable  function  table  with  each  entry  and  the  corresponding  master  Hi 
switch  is  set  at  Table, 

For  each  of  the  8  decade  pl;\ces  which  cr-n  be  filled  with  a  constant 
digit,  there  is  a  digit  delete  switch  with  the  positions  "delete"  and  "on"  and 
an  associated  constant  digit  switch  with  the  positions  0,  1,  ,,,,  FM1|  smd 
FM2,  (See  Table  7-2  for  the  decade  place  le>‘ds  associated  with  these  switches,) 

With  a  digit  delete  switch  set  at  delete,  no  pulses  are  transmitted 
over  the  decade  place  lead  associated  with  the  delete  switch.  lYith  a  delete 
switch  sot  at  '.;n  and  the  associated  digit  switch  at  d  (where  0  ^d  ^  9)j  d  or 
9-d  pulses  are  transial-tted  over  the  correlated  decade  place  lead  according  as 
additive  or  subtractive  transmission  respectively  takes  place.  With  a  digit 
delete  s^^itch  set  at  'bn "and  the  associated  constant  digit  switch  set  at  FWl 
or  PM2  the  sign  pulses  eraitted  respectively  over  the  sign  lead  of  the  A  or  B 

function  output  terminals  are  duplicated  on  the  correlated  decade  place  lead. 

This  is  true  .  .  .  ^  , 

whether  the  pulses  eriiitted  over  the  sign  lead  are  those  specified  on  a  portable 

function  table  F^,!  switch  or  on  the  master  PM  switch, 

liVhen  the  function  output  of  a  terminal  is  to  bo  received  in  an  accu¬ 
mulator  with  the  vsriable  digits  in  decade  places  at  the  right  and  with  no  other 
information  provided  for  b  (where  1  ^  b  A)  decf'de  places  at  the  left  (such  as 
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constant  digits  or  digits  fr'r'.  inothcr  function  output  terminals),  and  when  saae 
or  all  function  values  emitted  Jiioy  be  negi-tive,  tho  FMl  or  PM2  setting  of  b  of  the 
constant  digit  switch  provides  a  means  of  filling  these  decade  places  a.t  the 
left  with  the  nines  needed  to  represent  a  negative  number.  If  all  entries 
associated  with  a  function  output  terminal  are  tabulated  as  either  positive  or 
negative  numbers  (i,e,  with  the  master  PM  switch  set  at  P  or  M),  the  sane  end 
nay  be  achieved  by  setting  b  constant  digit  switches  at  0  or  a.t  9  respectively, 
(See  Table  7-3  which  follows  the  discussion  of  the  subtract  pulse  switches). 

Thf!  digit  delete  switch  correlated  with  a  decade  place  lead  is  set 
at  delete  when  it  is  desired  to  le.ave  l-.  docade  place  completely  blank  us  is  re¬ 
quired,  for  ex^jiiple,  if  a  variable  digit  from  another  function  output  terminal 
is  to  be  inserted  in  that  plaxe, 

Tho  subtract  pulse  switches  k  and  B  5-10  hove  the  positions  0  and  S. 

If  a  subtract  pulse  switch  is  set  at  S*  when  subtractive  transmission  takes 
place  (see  Sec,  7.3.3.)»  the  I'P  is  emitted  over  the  decade  place  lead  associated 
with  the  switch  (see  Table  7-2)  to  make  a  10* s  instead  of  a  9*s  complement. 
Complements  with  respect  to  9  arc  emitted  in  the  decade  place  leads  associated 
with  subtract  pulse  switches  which  are  set  at  0  (see  Sec,  7*3.3.) .  In  the  usual 
applications  of  th-j  function  table,  at  most  cme  of  tlio  A  and/or  one  of  the  B 
subtract  pulse  switches  w.)uld  bo  set  nt  S,  There  is,  however,  nothing  in  tho 
design  of  this  unit  to  preclude  setting  a  greater  number  of  these  switches  at 
S  if  the  operator  so  desires, 

7,3.2.  Input  to  the  Portable  Function  Tablet,  an'^ient  Counters  and  Table  Input 
Gates , 

F 

During  the  second  addition  time  of  a  program,  the  argument  is  received 
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TABLE  7-3 

ILLUSTR«.TI0NS  OF  THE  USE  OF  SWITCHES  ON  PaKEL  2  OF  TiE  FUNCTION  TABLE 


LINE 

SETTING  OF  PORTABLE  FUNCTION  TABLE  SVilTCHES 

X 

P  123  000  795  642  M 

1  X  +  1 

M  764  000  421  508  M 

EXi»iiPI£  1 

Setting  of  Constant  Digit  Switches:  (iill  Digit  Delete  Switches  set  at  "On".) 


A4  at  PMl 
A3  at  Bil 
n2  .‘it  Hil 
i^I  at  3 


BU  at  FM2 
B3  at  FM2 
B2  at  HM2 
B1  at  Rut2 


Subtract 

Pulse  Svyitches;  A8  at  S 

B5  at  S  (all  others  at  0) 

Transnit 

For 

Number  Emitted 

Over  Terminal  k 

1  Over  Terminal  B 

Add* 

X 

P  0  003  123  000 

m  9  999  795  642 

Add. 

x+1 

9  993  764  000 

M  9  999  421  508 

Sub. 

X 

LI  9  99^  877  999 

1  F  0  000  204  358 

Sub, 

X-t-1 _ 

P  0  006  236  999 

I  P  0  000  578  492 

Setting  0 

Digit  Del 
All  Subtr 

EJLJ.IPLE  2 

f  Constant  Digit  Switches: 

k3  at  0  B4  at  9 

a2  at  0  B3  at  9 

al  at  0  B2  at  9 

B1  at  9 

ete  Switch  a4  set  st  "Delete"  (all  others  sot  at  "On"), 
act  Pulse  Switches  set  at  0. 

Transmit 

For 

Number  Emitted 

Argument 

Over  Terminal  a  j  Over  Terminal  B 

Add. 

X 

P  0  000  123  000  [  M  9  999  795  642 

Add. 

x+1 

H  0  000  764  000  i  Li  9  999  /^21  508 

Sub, 

X 

U  0  999  876  999  '  P  0  OOC  204  357 

Sub. 

x+1 

P  0  999  235  999  '  P  0  OOC  578  491 
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in  the  function  table's  argument  counters  through  the  argument  input  terminal 
on  front  panel  1*  This  terminal  is  so  wired  that  UNITS  AND  TEJIS  PLiXE  OF  THE 
nROW/IEI^T  !JUST  BE  RECEIVED  IK  THE  FIFKCTION  T.-tBLfc:  ON  THE  LE..DS  FOR  THE  DEC.^DE 
PLkCES  1  ANT)  2  RESPECTI\Hi,LY,  This  nay  be  provided  for  by  placing  a  shifter  at 
the  argument  input  terminal  if  arguments  delivered  to  the  function  table  will 
always  require  shifting  the  same  number  of  places  or,  if  at  various  tines  there 
will  be  different  shifting  requiretaents,  by  placing  shifters  at  the  arguraent 
accumulator's  digit  input  terminals.  The  units  and  tens  argument  neons  on 
front  panel  1  are  correlated  with  the  stages  of  the  argument  counters  as  indi¬ 
cated  on  PX-7-305, 

In  the  third  addition  time,  the  argument  stored  in  the  arguraent 
counters  is  corrected  by  from  0  to  4  pulses  chosen  from  the  1,  2,  and  2*  pulses 
in  accordance  with  the  operation  switch  setting.  The  argument  co\inters  are  so 
connected  to  the  arr-unent  or  table  input  gates  that  if  x  is  the  number  registered 
in  the  argur.ient  counters,  the  tabic  input  gate  for  argument  x-‘2  sets  up  (during 
the  set  up  period  from  the  middle  of  the  third  addition  tine  thr<JU{;h  the  fourth)  • 
Therefore,  if  the  operation  switch  is  set  at  -2  no  correction  pulses  are  added 
to  the  argument  counters;  if  the  operation  switch  is  set  at  -1,  one  pulse  is 
added, to  the  number  set  up  in  the  argunent  counters,  etc« 

The  table  input  gotos  consist  of  104  gates  (each  connected  to  a  line 
of  the  portable  function  table  corresponding  to  a  value  of  the  argunent  between 
-2  and  lOl),  Each  table  input  gate  hss  as  one  of  its  inputs  a  signal  from  a 
stage  of  the  units  argunent  counter  tind  as  its  other  input  a  signal  from  a  stage 
of  the  tens  counter,  Vilhen  the  argunent  counters  ruceivo  the  argunent  a  from  the 
argument  accunuls.tor  and  the  operation  switch  of  the  control  which  has  been 

■'•■The  argument  input  terminal  on  the  function  table,  like  the  digit  terminals 
on  accumulators,  hcos  12  points.  Only  the  leads  for  units  and  tens  place, 
however,  are  operative. 
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stimuls.ted  is  set  at  i  (i  »  -2,  -1,  ,,,,  +2),  table  input  gate  a  +  i  emits  a 
signal  to  line  a  ♦  i  of  the  portable  function  table, 

7<3«3*  Function  Output 

The  functional  values  transndtted  from  the  ^  and  B  output  teminals 
on  panel  2  are  ctonpounded  out  of  the  1,  2,  2*,  4,  a^id  9P«  These  pulses  are 
admitted  to  the  function  table  through  the  1,  2,  2',  4,  and  9P  gates.  The 
pulses  passed  through  these  gates  are  delivered  to  the  table  output  gates,  the 
constant  digit  switches,  and  the  master  Hi  switches.  The  gates  and  switches 
mentioned  above  allow  appropriate  numbers  of  pulses  to  reach  the  a  and  B  out¬ 
put  circuits  which  include  standard  transmitters  (see  PX-7-304)  and  the  digit 
output  terminals  on  front  panel  2, 

7»3»3*1«  Transmission  of  Information  Stored  on  Portable  Function  Table  Switches, 

Associated  with  each  of  the  12  digit  columns  of  the  portable  function 
table  is  a  column  of  table  output  gatos  for  digits.  Each  of  these  columns  has 
10  gates,  one  for  each  digit  from  zero  to  9  inclusive,  pair  of  FM  table  out¬ 
put  gates,  one  for  sign  p  and  one  fvor  sign  M,  is  associated  with  each  of  the  2 
sign  colximns. 

One  input  to  the  table  output  gotes  for  diffits  car.es  from  the  circuits 
containing  the  1,  2,  2' ,  4»  ^d  9P  gates.  These  lotter  gates  are  so  controlled 
by  the  add. and  sub.  flip-flops  (see  Sec,  7.2.)  and  so  connected  to  the  table  out¬ 
put  gates  that  when  additive  transmission  takes  place  (and  the  a,dd.  flip-flop  is, 
thus,  in  the  abnormal  state),  d  pulses  reach  the  table  output  gates  correspond¬ 
ing  to  digit  d}  when  subtractive  transmission  takes  place  (and  the  sub.  flip-flop 

^he  block  diagram  of  the  function  table  shows  the  table  output  gates  rotated  by 
90^  from  their  actual  position  in  the  function  table  where  they  are  arranged  in 
rows.  Refer  to  the  cross  section  diagram  for  the  position  in  the  function  table 
itself. 
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is,  thus,  in  the  abnumal  state),  9-d  pulses  reach  the  table  output  gates  cor- 
respondirig  to  digit  d. 

The  signal  fron  the  tabic  input  gate  corresponding  to  argunent  a+i, 
routed  through  the  12  digit  switches  on  line  a+i,  holds  open  the  table  output 
gates  corresponding  to  the  digits  sret  up  on  the  line  so  that  the  pulses  delivered 
to  the-se  gates  from,  the  1,  2,  2' ,  'ohd  9P  gates  can  pass  throu^^h. 

The  transioission  of  sign  indication  stored  in  the  sign  columns  of  the 
portable  function  table  is  accon^ilished  similarly.  The  table  output  gate  con¬ 
nected  to  point  P  on  the  sign  switches  receives  0  or  9  pulses  from  the  9P  gate 
and  the  output  gate  connected  to  point  M  receives  9  or  0  pulses  from  the  9P 
gate  according  as  the  add  or  subtract  flip-flnp  is  in  the  abnormal  state.  The 
pulses  passed  by  one  of  the  poir  of  table  output  gates  for  sign  are  routed 
through  "Table"  on  the  associated  master  HJ  switch  to  be  emitted  iver  one  of 
the  Fd  leads. 

With  a  master  PJi  switch  set  at  P  or  (instead  of  table)  the  sign 
pulses  emitted  by  one  of  the  table  output  gates  for  sign  cannot  reach  the  out¬ 
put  circuit.  The  transmission  of  a  constant  sign  set  up  on  one  of  the  master 
Ri  switches  takes  place  in  the  following  manner;  The  same  number  of  pulses 
are  delivered  to  the  points  P  and  M  respectively  on  the  master  PH  switches  as 
are  delivered  to  the  table  output  gates  ass  .’ci'^ted  with  digits  0  .and  9<  Thus, 
if  a  master  FU  switch  is  sot  at  P,  zero  or  nine  pulses  are  passed  through  this 
switch  to  the  associated  function  output  terminal' s  PM  lead  according  as  addi¬ 
tive  or  subtractive  tranamissi  m  takes  place.  The  case  where  a  master  PtI  switch 
is  set  at  M  is  taken  care  of  similarly. 
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7>3t3>2.  Transmission  of  Information  Stored  on  Constant  Digit  Switches, 

The  1,  2,  2' i  4#  and  9P  gates  deliver  d  pulses  (in  additive  transmission) 
or  9-d  pulses  (in  subtractive  transmission)  to  the  point  d  (where  0  ^  d  ^  9)  on  a 
constant  digit  switch.  Thus,  if  one  of  these  switches  is  set  at  d,  d  or  9-‘d  pulses 
pass  through  it,  then  throxigh  the  dorrelated  digit  delete  switfch  to  the  associated 
decade  place  lead  of  a  function  output  terminal i 

The  points  FUl  and  PU2  receive  the  pulses  passed  by  master  Bi  switches 
1  and  2  respectively.  In  this  way,  a  constant  digit  switch  allows  the  same  num¬ 
ber  of  pulses  as  are  transmitted  over  one  of  the  leads  to  reach  the  decade 
place  lead  associated  with  the  constant  digit  switch. 

If  a  digit  delete  switch  is  set  at  "delete",  the  circuit  from  the  cor¬ 
related  constant  digit  switch  to  the  associated  decade  place  lead  is  interrupted 
so  that  the  pulses  which  arrive  at  the  constant  digit  switch  from,  the  1,  2,  2*,  4* 
and  9P  gates  or  from  the  master  BI  switch  cannot  reach  the  function  output  ter¬ 
minals  . 

7*3»3*3.  Role  of  the  Subtract  Pulse  Switches 

The  subtract  flip-flop  controls  the  gates  A'  and  B’  64  so  that  these 
gates  open  to  pass  the  I'P  when  subtractive  transmission  takes  place.  The  out¬ 
put  of  gates  a*  and  B'  64  is  routed  through  the  subtract  pulse  switches  set  at  S 
to  the  associated  decade  place  leads  of  the  function  output  terminals. 

7.4*  STCEAGE  OF  PR0(21AMJ.IING  DATA  BY  iIEi\NS  OF  THE  FUNCTION  TABLE 

Vfhen  only  a  part  of  a  total  function  table  storage  capacity  (3744 
variable  digits  and  624  variable  signs  for  the  3  function  tables)  is  required  for 
the  tabulation  of  numerical  data,  the  remaining  storage  capacity  can  be  used  as 
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memory  for  programming  instructions.  This  can  be  done  either  with  a  function 
table  operating  in  the  same  wa,y  as  described  in  Sec,  7.3.  when  ntimerical  functions 
are  stored  and  transmitted  or,  more  conveniently,  vdth  a  small  change  in  the 
circuits  containing  the  1,  2,  2',  4,  and  9P  gates. 

First,  let  us  consider  the  use  of  the  unmodified  function  table  for 
programming  memory.  Suppose  there  are,  say,  14  different  programs  (Pj^  “  ^14^ 
one  or  more  of  which  arc  to  be  stimulated  at  various  times  in  a  computation. 

We  could  then  assign  one  column  on  a  portable  function  table  to  each  of  the  14 
programs  and  assign  one  line  of  the  portable  function  tabic  to  each  occasion 
on  which  it  is  necessary  to  make  a  choice  as  to  which  of  the  14  programs  is  or 
are  to  be  stimulated.  Then  the  switches  on  a  given  line  of  the  portable  function 
table  are  set  at  P  or  0  in  the  colvunns  corresponding  to  programs  which  are  not 
to  be  stimulated  and  at  M  or  a  number  different  fron  zero  in  the  columns  corres¬ 
ponding  to  programs  which  are  to  be  stimulated.  An  accumulator  is  set  aside  to 
store  the  argument  for  the  function  table. 

Now,  when  choice  of  program  is  required,  a.  program  pulse  is  sent  to  a 
function  table  program  control  set  up  for  additive  transmission.  In  the  fifth 
addition  time  following  the  program  input  pulse,  digit  pulses  are  emitted  over 
function  output  terminals  in  tho  decade  place  leads  corresponding  to  switch 
settings  different  from  P  or  zero.  At  the  end  of  the  fifth  addition  time  a 

program  output  pulse  is  emitted.  The  digit  pulses  are  taken  through  adaptors 

and 

at  the  function  output  terminals  to  lines  in  program  trays^hen  to  dummy  programs 
for  conversion  to  program  pulses.  The  program  output  pulses  of  the  dummy  programs 
aro  taken  to  the  program  controls  on  which  are  set  up  those  of  tho  14  programs 
which  are  to  be  stimulated  (see  Fig,  T*!).  The  function  table's  program  output 
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pulse  can  be  taken  to  a  program  control  of  the  accumulator  containing  the 
argument  which  is  set-up  for  a  "receive  -C"  program  in  order  to  increase  the 
value  of  the  argument  by  one. 

In  the  example  shown  on  Fig,  7-l>  ‘'ll  14  columns  of  switches  on  a 
program  table  are  devoted  to  the  storage  of  prograinning  information,  llfi-th  the 
function  table  in  its  unmodified  form,  however,  there  is  no  reason  why  some  of 
the  columns  cannot  be  used  for  numerical  data  and  others  for  programming  data 
(see  Sec.  7.5.3.). 

The  disadvantage  inherent  in  using  the  function  table  in  its  unmodified 
form  to  store  programming  information  is  the  necessity  for  expending  dummy  pro¬ 
grams  to  convert  the  digit  pulses  emitted  from  the  function  output  terminals  into 
program  pulses  (see  Sec.  4.5.2.).  Vfith  only  a  small  amount  of  labor  the  function 
table  can  be  adapted  so  that  program  pulses  are  transmitted  from  the  function 
output  terminals  instead  of  digit  pulses.  The  simplest  way  to  make  this  change 
is  to  disconnect  the  9P  gates  (B*  and  L'4)  from  the  line  in  tho  synchronizing 
trunk  which  carries  the  9P  and  to  connect  these  gates,  instead,  to  the  line 
which  carries  the  CPP.  Tliis  nay  be  done  by  means  of  an  adaptor  at  the  point 
whore  the  synchronizing  cable  plugs  into  the  back  of  panel  2.  No  wiring  changes 
are  necessary.  The  required  adaptor  is  shown  on  PX-4-119.  If  this  change  is 
made,  when  the  function  table  transmits  additively,  a  CPP  is  emitted  over  the 
decade  place  leads  corresponding  to  portable  function  table  (or  even  constant 
digit  switches)  set  at  either  M  or  9.  Notice,  these  CPP  are  emitted  from  the 
function  table  at  the  end  of  the  fifth  addition  time.  As  always,  no  pulse  of 
any  kind  is  emitted  over  a  decade  place  lead  whose  corresponding  switch  is  set 
at  P  or  0,  In  this  way,  the  necessity  for  converting  digit  pulses  into  program 
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pulses  is  obviated.  The  pulses  emitted  from  the  function  output  terminals  can 
be  taken  directly  to  the  prograin  controls  on  which  are  set  up  the  various  pro- 
gr3:iis  among  which  a  choice  is  made. 

It  should  be  noted  that  a  numerical  function  cannot  be  set-up  along¬ 
side  of  programming  data  on  a  given  portable  function  table  when  this  modification 
is  made  unless  the  function  is  pathologic  to  the  extent  that  its  tabulated  values 
never  have  the  digit  9  or  sign  M. 

The  use  of  a  modified  function  table  to  store  programming  information 
is  illustrated  in  the  problem  described  in  Sec,  8,7, 

In  connection  with  this  discussion  of  the  role  of  the  function  table 
as  programming  memory,  mention  might  also  be  mode  of  the  fact  that  the  function 
table's  program  controls  provide  a  convenient  way  of  delaying  a  program  pulse 
from  5  to  I3  addition  times.  This  use  of  the  function  table  is  also  involved 
in  the  illustrative  problem  of  Sec,  8.7. 

7.5.  ILLUSTRATIVE  BXdIPLZS  OF  THE  USE  OF  THE  FUNCTION  TABLE  IN  INTERPOLATION 

The  function  tables  have  been  designed  so  as  to  make  them  psrticularly 
well  suited  for  Interpolation,  One  or  more  function  tables  or  parts  of  them  can 
be  used  to  store  the  values  of  a  function.  The  coefficients  of  the  various  terms 
of  the  interpolation  formula  used  may  either  bo  stored  in  a  function  table  or  may 
be  generated  as  needed  by  means  of  accumulators  and  the  high  speed  multiplier. 
Various  types  of  interpolation  formulas  can  be  employed  with  ease.  There  seems, 
however,  to  be  a  small  advantage  in  using  the  Lagrangian  formulas  which  involve 
fimctional  values  rather  than  formulas  which  involve  differences  since  a  pair 
of  accumulators  must  always  be  tied  up  to  find  a  difference  unless  storage  space 
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in  the  function  table  is  used  for  the  tabulation  of  differences. 

In  set-up  tables,  the  following  symbols  are  used  for  the  function 

table* 

1)  On  the  first  level  i-j  refers  to  the  prograjii  input  pulse, 
and  ®  to  the  program  control  niimber, 

2)  On  the  second  level, 

1st  symbol  (A  or  S)  followed  by  a  signed  number  (-2,  iO., 
or  +2)  is  the  operation  switch  setting, 

2nd  symbol  (C,  NC,  or  0)  is  ary^ument  clear  switch  setting, 

3rd  symbol  (l,  2,  ,,,,  or  9)  is  repeat  switch  setting, 

3)  On  the  third  level,  at  the  right  of  the  arrow  tip  i-j  refers  to 
the  program  output  pulse. 

When  the  function  table  is  used  for  the  storage  of  programming  information,  the 
connections  from  the  decade  place  leads  of  the  function  output  terminals  to  pro¬ 
gram  lines  are  noted  along  the  arrow  from  the  second  to  the  third  level. 

Thus,  the  symbol 

4-3 

A-2  NC 
B(PM)|  to  7-8 

4-4 

is  interpreted  as  follows;  The  program  pulse  carried  on  lines  4-3  stimulates 
program  control  5  so  that  the  function  table  transmits  f(a-2)  once.  The  NC 
pulse  stimulates  transmission  of  the  argument.  Program  control  5  emits  a  pro¬ 
gram  output  pulse  to  line  4-4.  The  output  of  the  PM  lead  of  function  output 
terminal  B  is  taken  through  an  adaptor  to  program  line  7-8, 

Figure  7-2  shows  the  conventions  used  for  the  function  table  in  set-up 

diagrams. 


Pig,  t.4  («) 
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Quadratic  Lagrangian  Interpolation 

In  the  following  pages  a  set-up  for  quadratic  Lagrangian  Interpolation 
for  equal  Intervals  is  suggested.  The  interpolation  formula  Is  given  by 


where 


f  (x)  -  IL. 

i-1,0,1 


(X2,X3,X;^)  ,fi  (xo»xi) 


k 


»  -  xj  *10^"^  and  0  <  X  ^99 
j“0 


and  where  f^^  (jsq,  -  f ^  (x^,  x^  +  1) 

k 

Even  though  it  is  cumbersome,  the  notation  x  •  ^  x  j  *  10^  ^ 

j=0 

is  en^loyed  because  it  is  useful  in  indicating  the  shifters  and  deleters 

required  in  certain  phases  of  the  problem. 

The  computation  is  described  with  the  aid  of  Table  7-L«  in  which  the 

set-up  of  the  units  involved  is  fozraulated,  and  Figure  7-3,  which  shows  how  to 

set  up  the  units  to  carry  out  the  instructions  given  in.  Table  7‘'4t 

The  values  of  and  are  stored  in  function  table  2  in  such  a 

way  that  the  former  are  emitted  over  the  lines  for  decade  places  1-6  of  terminal 

A  and  the  latter,  over  the  lines  for  decade  places  1-6  of  texininal  B.  These 

coefficients  are  stored  at  intervals  of  0.01  for  X2  «  10  x^  •  10  starting 

with  zero  and  ending  with  1.00.  Linear  interpolation  is  used  to  find  (x2jX^,x^)« 

The  symbols  »  andZ^C^^^  will  be  used  as  follows: 

C  i 

(i)  (i) 

Cq  -C  {x^.ZyQ) 

(i)  (i) 

Cl  «C  (X2,  X3+l,0) 

(i)  (i)  (i) 

^  C  *0]^  -  Cq 
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Thus,  c'  ^(x^,  »3iX^)  is  given  by  the  formula 


(i)  (i) 

C  )  “  C  ♦  i_  •  * 

10 

(“J-) 

C  has  not  bean  tabulated  in  a  function  table  since  it  can  be  found 
readily  from  the  relationship 

■  1  -  X 

i-o,r 

and  rather  than  a  pair  including  were  chosen  for  tabulation 

on  the  portable  function  table  to  save  a  small  amount  of  tabulation  labor. 


.(0) 


and 


For  the  range  zero  to  one  inclusive  of  the  independent  variable,  C 

(1) 

C  ,  are  both  positive  and  have  zero  and  one  as  their  minimum  and  maximum 
values.  Therefore,  sign  indication  need  not  be  tabulated  with  each  entry 
but  may,  instead,  be  handled  by  setting  the  master  PM  switches  to  P,  The  co¬ 
efficient  has  as  its  maximum  value  on  this  range  of  the  argument,  zero, 

and,  as  its  minimum  -0,12500.  Were  tabulated,  all  entries  would  have  to 

carry  sign  indication  (and  the  master  m  switch  would  be  set  to  Table)  in  ^ite 
of  the  fact  that  the  only  non-negative  functional  entry  is  zero  corresponding 
to  argument  zero.  It  might  at  first  appear  that  zero  could  be  tabulated  as 
M  0  000  000  000,  but  if  we  recall  that  M  0  000  000  000  actually  represents 
10^^  ♦  P  0  000  000  000  it  can  be  seen  that  this  procedure  would  be  incorrect. 

associated  with  function  table  2  on  sides  A  and  B  respectively,'  Six  decade 
places  are  used  for  each  coefficient  with  the  units  place  digit  tabulated  in 
cLj  coLumn  for  decade  place  6  and  the  various  decimal  places  (tenths  place,  etc.) 
>cc'ipyi.ng  thj  roiri.alning  decade  places,  5  through  1*  The  digit  delete  switches 
rJ‘  -  A1  and  B4  -  B1  are  set  to  "delete"  since  there  are  no  digits  constant  through- 


and  then,  are  tabulated  on  the  portable  function  table 


VII  -  28 


out  the  range  of  the  argument  for  either  or  Since  the  coefficients 

find  their  way  ultimately  to  the  multiplier,  it  is  desirable  to  have  them 
located  as  far  to  the  left  as  possible.  The  digit  output  of  function  table  2 
is,  therefore,  shifted  four  places  to  the  left  before  its  reception  in  an 
accumulator.  The  shr.fter  is  designated  by  the  nvimber  U  ^  box  denoting  a 
digit  input  terminal  on  Figure  7-3* 

The  function  f (x)  is  tabulated  on  the  portable  function  table  associated 
with  function  table  3,  It  is  assximed,  here,  that  only  6  variable  digits  are 
tabulated  for  this  function  and  that  these  occupy  the  switches  for  decade  places 
1-6,  Since  fi  (i==  -1,  0,  1)  too,  enters  into  multiplications,  the  function  out¬ 
put  of  function  table  3  is  also  shifted  4  places  to  the  left  before  its  reception 
in  the  ier  accumulator, 

Accumulator  13  serves  as  the  argument  accumulator  for  both  function 
tables.  This  set-up  assumes  that  x  is  stored  in  this  accumulator  so  that  Xq 
occupies  the  fifth  decade  place,  A  -1  shifter  (which  shifts  a  number  one  place 
to  the  right)  is  used  at  the  argument  input  terminal  of  function  table  2  to 
place  X2  and  X3  respectively  in  decade  places  2  and  1  of  the  input  and  a  -3 
shifter  is  used  at  the  argument  input  terminal  of  function  table  3  to  place  x^ 
and  respectively  in  the  proper  decade  lines  of  this  input. 

Detailed  descriptions  of  the  programs  involved  in  the  interpolation 
are  given  in  Table  7-4,  We  wish,  however,  to  call  attention  to  the  procedure 
uned  for  stimulating  the  reception  in  an  accumulator  of  functional  values  trans¬ 
mitted  by  the  function  table.  Consider,  for  example,  the  programs  involved  in 

looking  up  In  addition  time  12,  program  pulse  1-6  stimulates  function 

(0) 

t'-ble  2  to  look  up  -C  q  ,  Accumulator  1?  is  to  receive  this  functional  value 
when  it  is  emitted  during  addition  time  16,  To  provide  for  this  reception,  we 
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take  advantage  of  the  fact  that  another  program  comnences  at  the  same  time 
that  function  table  2  is  stimalated,  the  progrsim  in  which  accumulator  17  trans¬ 
mits  ItM  contorts  to  the  multiplier.  Even  though  only  1  transmission  is  re¬ 
quired,  the  repeat  switch  on  x^itrol  5  of  accumulator  17  is  set  at  4  so  that 

at  the  end  of  i’dki?ti.on  time  lij  there  will  be  a  program  pulse  available  to 

(0) 

dtimiilate  the  ref'cptio’.i  of  -C  'q  ,  This  procedure  saves  the  use  of  a  special 
dummy  program  to  delay  a  pulse  until  addition  time  16, 

The  use  of  the  high-speed  multiplier  in  this  con^tation  is  also 
worthy  of  note.  Euicing  addition  times  12  through  17  and  22  through  27  the 
multiplier  is  occupied  in  forming  products  required  in  the  linear  interpolation 
for  and  respectively.  For  each  of  these  multiplications,  the  signifi¬ 
cant  figures  switch  is  set  at  6,  In  view  of  the  accuracy  of  the  ier  and  icand 
and  their  positions  in  the  ier  and  icand  accumulators,  the  last  significant 
figure  of  the  product  occurs  in  the  eighth  place  frexn  the  left.  Those  products, 
however,  are  added  to  numbers  stored  in  either  accumulator  16  or  15  which  have 
their  last  significant  figure  6  places  from  the  left.  The  products  referred 


to  above  are,  therefore,  rounded  off  to  6  significant  figures  and  passed  through 
deleters  which  delete  decade  lines  1-4  (counting  \inits  decade  as  1)  before  re¬ 
ception  in  accumulator  l6  or  15,  This  deleter  is  designated  by  d  1-4,  Thus, 
by  addition  times  18  and  28  respectively,  C^^^and  appear  in  accumulators 
16  and  15  respectively  correct  to  5  significant  figures  with  the  last  significant 
fig  ti-e  appe  aring  in  decade  5  (from  the  right). 

The  products  f^  •  C-  (for  i  ■  1,  0,  -1)  are  formed  during  addition 
:i.aet  28-3' ,  38-47,  anii  48-57  respectively  and  are  retained  in  accumulator  12 
"or  eolleetion  to  form  f(x).  Since  the  coefficients  will  in  general  not 


exceed  5  significant  figures,  these  products,  too,  will  have  no  more  than  5 
significant  figures  with  the  last  significant  figure  appearing  in  the  sixth 
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decade  place  from  the  left  due  to  the  positions  of  the  ier  and  icand.  Only  the 

(1) 

program  in  which  f ,  C  is  formed,  calls  for  round  off  to  6  figures,  however, 
since  the  addition  of  five  pulses  in  decade  place  3  is  reqxiLred  only  once  to 
produce  the  correctly  rounded  off  sum  of  3  products.  For  the  other  two  multi¬ 
plications  fQ  ,  and  f_j^  •  The  significant  figures  switch  is  set  at  "off". 

It  might  be  of  interest  to  the  operator  to  notice  that  of  the  57 
addition  times  required  to  carry  out  this  quadratic  Lagrangian  interpolation 
routine,  all  but  15  are  used  for  multiplications.  In  general,  the  principle 
that  the  number  of  multiplications  involved  in  a  computation  determines  approx¬ 
imately  the  duration  of  the  ccmputation  is  a  reliable  one, 

7, 5.2,  Biquadratic  Lagrangian  Interpolation 

Biquadratic  Lagrangian  interpolation  can  be  carried  out  in  a  fashion 
similar  to  that  described  above  for  quadratic  Lagreuigian  interjSolatiwi  with  a 
few  minor  alterations.  The  formula  for  biquadratic  interpolation  is 

•  ^i  *1^ 

Here,  as  in  the  quadratic  interpolation,  one  of  the  coefficients  need  not  be 
tabulated  since 


2  (i) 

2_  c  =  1 

i=-2 


The  four  coefficients  needed  may,  as  a  matter  of  fact,  be  tabulated 

on  one*  portable  function  table  to  permit  interpolation  for  C^^^(x  ,  x  ,  x  ) 

2  3  4 


*Thi8  assumes  that  six  decimal  places  for  these  coefficients  will  provide  the 
required  accuracy.  If  greater  accuracy  is  required  it  is  probably  preferable 
to  generate  the  coefficients  rather  than  use  up  two  function  tables  for  storing 
them. 
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from  a  tabulation  of  ©)  since  the  need  be  tabulated  only  for 

0<X2  .  10“^  +  X3  .  10“^  ^.51  .  For  0,5  ^  Xg.^O"^  ♦  X3  .10"''<  1, 

f(x)  nay  be  computed  by  backward  interpolation  using  the  formula 


f(x)  =  2_  (^0, 


. . .  »2 


where 


-1 


.  lO"'^  +  x^  .  10'^  +  x‘  .  10’^  -  1  -  (x^  .  10’^  +  X3  .  10"^  +  x^  ,  lo" ) 


.-3 


-2 


-3. 


If  the  coefficients  chosen  for  the  tabulation  are  e^^\for  i  *  -2,  -1, 
1,  2),  they  may  be  set  up  on  the  portable  function  table  as  shown  in  Table  7-5, 
To  produce  CQ^^and  for  i  -  -2  -or  2  the  function  table  operation 

,(i). 

'0 


switches  must  be  set  at  -2  and  -1  respectively.  Before  c):^'^^and  for  i  -  1 


or  -1,  can  be  looked  up,  the  argument  (x^,  x^),  or  (x^,  3^)  if  backward  inter¬ 


polation  is  used,  must  be  corrected^(x2+5>  x^)  or(x^  +5,  x^).  The  operation 


switches  used  in  the  progrcmis  of  looking  up  C 


^  ^  and  for  i  =  1  or  -1, 


must  be  set  at  zero  and  1  respectively. 

If  the  suggested  method  of  tabulating  the  interpolation  coefficients 
and  of  carrying  out  the  interpolation  is  followed,  obviously  two  alternative 
interpolation  routines,  a  forward  and  a  backward  routing,  must  bo  set-up. 

The  forward  interpolation  routine  differs  from  the  routine  for 
quadratic  Lagrangian  interpolation  only  in  that  there  are  two  additional  product 
terms  fj^  .  to  be  formed.  The  backward  interpolation  routine  must  cover  the 

use  of  the  backward  interpolation  formula,  the  correction  of  the  argument 
(x^,  Xj^)  to  (t^,  3b,  +1)  and  the  correction  of  the  argument  x^,  x^)  to 


VII  -  32 


TABLE  7-5 

TABULATION  OF  BIQUADRATIC  LAGRANGIAN  INTERPOLATION  COEFFICIENTS  ON  THE 

PORTABI£  FUNCTION  TABLE 


1 

A  OUTPUT 

Master  Hi  switch  1  set  at  P« 

Decade  places  1-6  used  as  shown 
below. 

B  OUTPUT 

Master  PM  switch  2  set  at  Table. 

PM  place  and  decade  places  1-6  used 
as  shown  below. 

1 

-2 

c  Coo)  =  .000  000 

C^^W)  =  ♦  .000  000 

-1 

• 

• 

# 

0  <.C^^?i23  427 

• 

• 

• 

• 

(2) 

-  ,039  464^5,0^  ^  0 

• 

49 

(-2)  *. 

C  C51)-  .023  427 

(2)  \ 

C  (51)  »  -  .039  464 

50 

1 

U) 

C  C00)»  .000  000 

"  C  Coo)  =  +  .000  000 

51  1 

• 

• 

• 

• 

• 

• 

• 

(1) 

O^c  <  .480  016 

• 

(-1) 

-  .155  767  ,<0'  J.0 

101 

• 

(1) 

C  C51)  =•  .480  016 

9 

(-1) 

c  (.51)  •=  -  -155  767 
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{X2i  criterion  for  which  routine  is  to  be  followed  is  a  magnitude 

discrimination  program  to  determine  whether  X2<.5  or  In  the  former 

case,  the  forward  interpolation  routing  is  followed}  in  the  latter  case,  the 
backward  interpolation  routine  is  used. 

The  disadvantage  of  the  method  suggested  above  for  biquadratic 
Langrangian  interpolation  is  that  it  requires  a  backward  as  well  as  a  forward 
routine.  This  disadvantage  is  eliminated  in  an  nltornative  method  to  be 
described  below. 

For  the  pxirpose  of  this  discussion,  we  will  abandon  the  notation 

used  above  and  in  section  7,5,2,  Instead,  x  will  be  considered  as  x  -  n  +  h 

where  n  is  the  integer  closest  to  x  and  where  -.5ih^  ,5,  The  number  n,  thus, 

is  an  integer  between  0  and  99  inclusive.  In  this  notation  f(x)  is  given  by 
2  2 


C^^^h)  •  fi(n)  or 


i=-2 


or  ^ —  C'  '(h)  ,  f  (n+i) 
i— 2 


To  find  n,  the  round  off  facilities  of  some  acctunulator  are  used 
and  the  number  x  +  0,5  is  formed.  Then  n  is  the  tens  and  units  digits  of  x  +  0.5, 
Now,  the  nvunber  x  +  0.5  or  n  +  k  where  k  *  h  +  0,5  is  stored  in  some  accumulator. 
Instead  of  tabulating  coefficients  C^^^(h)  then,  consider  tabulating 
=  C^^\h)  for  the  range  O^k^l,  where  the  coefficients  (k)=C^^^k) 


have  the  following  useful  properties: 
2 

1)  =  1 

i--2 


and 


(-i)  (i) 

2)  B  (k)  =  B  (1-k) 


We  can  then  tabulate  B^^^k)  for  0  ■ik  ^  for  two  values  of  i.  By  property  2  above, 
B(i)(k)  for  two  other  values  of  i  can  be  found,  and  the  fifth  value  of  B  can  be 


found  by  property  1 
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7»5.3»  The  Drag  Function  of  the  Exterior  Ballistics  Equations 

Mien  the  ENIAC  is  used  for  the  computation  of  firing  tables,  the 

problem  of  tabulating  the  drag  function  (G)  used  in  the  exterior  ballistics 

equations  is  likely  to  require  considerable  thought  due  to  the  behavior  of 

this  function  in  the  region  of  the  velocity  of  sound.  It  would  appear  that 

2 

the  drag  function  had  best  be  tabulated  against  v  as  is  done  for  hand  con^)uta— 

tion  of  trajectories  to  avoid  the  necessity  for  extracting  square  roots.  It 

will  also  be  necessary  to  use  more  than  one  portable  function  (or  more  than 

part  of  one  portable  function  table)  to  list  the  values  of  the  drag  function 

since  one  portable  function  table  will  certainly  have  to  be  devoted  to  the 

values  of  G  in  the  neighborhood  of  the  velocity  of  sound,  G  before  and  after 

sound  may  be  tabulated  on  one  or  two  portable  function  tables  depending  on 

which  G  function  is  used  and  the  accuracy  requirements  of  the  computation. 

To  determine  what  transformation  to  make  on  v^,  which  function  table 

to  enter,  and  possibly,  even  which  interpolation  routine  to  follow,  it  will  then 

2 

be  necessary  to  carry  out  a  magnitude  discrimination  program  on  v  similar  to 
the  one  used  on  y*  in  the  printing  discrimination  sequence  of  problem  2  in 
Chapter  X  (Master  Prograjrmer), 

An  alternative  and,  probably,  simpler  method  of  determining  which 
fvinction  table  to  enter  for  a  given  value  of  the  argvunent  can  be  used  if  this 
information  is  stored  on  portable  function  table  switches  not  required  for  the 
tabulation  of  G.  One  column  of  a  portable  function  table  is  required  for  each 
function  table  or  portion  of  a  function  table  used  in  tabulating  G, 

Here  a  preliminary  transformation  of  variable  which  maps  the  entire 
range  of  the  argument  onto  the  interval  0  and  99  is  made.  The  portable  function 
table  which  stores  program  data  is  entered  with  this  argument.  The  function  out- 


PX-7-qf:02 


VII  -  35 


put  of  the  decade  place  leads  used  for  program  choice  are  converted  to  a  program 
pulse  through  the  use  of  a  dunriy  progron.  The  resulting  program  pulse  is  then 
taken  to  a  program  control  which  initiates  a  suitable  interpolation  routine, 

(See  Figure  7-4)* 

Another  consideration  which  is  likely  to  arise  is  that  of  making 
the  most  efficient  use  of  the  variable  digits  of  the  function  tabic.  Throughout 
the  major  part  of  the  velocity  of  sound  region,  tenths  place  of  the  G  function 
is  occupied  by  tho  digit  zero.  However,  for  convenience  in  interpolation,  it 
nay  be  desirable  to  extend  the  tabulation  on  the  portable  function  table  devoted 
to  the  neighborhood  of  the  velocity  of  sound  so  that  sene  entries  in  which  tenths 
place  is  occupied  by  the  digit  one  instead  of  zero  arc  also  included. 

If  the  obvious  method  of  tabulation  (FM  colui:in  devoted  to  sign 
indication  and  variable  digit  columns  to  tenths,  hundreds,  etc.,  places)  is 
followed,  most  of  the  entries  will  vjaste  a  place  on  the  non-signifieant  figure 
zero  in  tenths  place  in  order  to  accommodate  the  few  entries  that  have  digit 
one .in  tenths  place.  However,  since  the  G  function  does  not  change  sign  and 
since  there  is  no  reason  for  transmitting  both  the  functional  value  stored  and 
its  complement,  it  is  possible  to  resort  to  an  artifice  that  will  result  in  the 
storage  of  an  addi.tional  significant  figure  without  the  use  of  an  extra  place 
of  the  portable  function  table. 

The  artifice  consists  of  tabulating  tenths  place  of  the  G  fimction 
in  one  of  the  so  called  coluians  making  sign  P  c  .'rrespond  to  digit  zero  and 
sign  M  to  digit  one.  The  problem  of  converting  the  9  sign  pulses  transmitted  from 
the  function  table  entries  carrying  sign  M  to  a  single  digit  pulse  can  be  solved 
very  simply  by  transmitting  the  channel  of  the  function  output  to  an  unused 
transceiver  input  and  then  transmitting  the  transceiver's  output  to  the  digit 
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input  terainal  channel  devoted  to  tenths  place  at  the  unit  receiving  the 
functional  value.  Thus,  when  sign  P  is  stored,  no  pulses  will  be  transmitted 
from  the  HI  channel  of  the  function  output  terminal  and  therefore  the  trans¬ 
ceiver,  receiving  no  pulse,  will  transmit  no  output  pulse  so  that  the  unit 
receiving  the  functional  value  will  receive  zero  pulses  in  the  decade  channel 
devoted  to  tenths  place,  YVhen  sign  U  is  stored,  9  sign  pulses  received  by  the 
transceiver  cause  the  transceiver  to  emit  one  pulse  which  is  received  in  tenths 
place  by  the  uivit  receiving  the  function  output  of  the  f\jnction  table.  Obviously, 
if  this  strategem  is  resorted  to,  the  program  of  receiving  the  functional,  value 
from  the  function  table  must  be  set  up  on  an  accumulator  repeat  program  control 
whose  repeat  switch  is  set  at  2  in  order  to  allow  time  for  the  accumulator* s 
reception  of  a  pulse  from  the  transceiver  which  converts  the  9  sign  pulses 
into  a  digit  pulse. 
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VIII.  CONSTAtJT  TRANSMITTER  AND  IBi  READER 

The  const^ult  transmitter  operating  in  conjunction  with  an  13A  card 

reader  provides  another  form  of  memory  for  the  ENIAC  (see  also,  the  function 

table  and  accumulator).  The  input  rate  for  this  memory  is  relatively  slowi  the 

output  rate  is  rapid.  The  reader  reads  standard  IBM  cards  at  the  rate  of  approx- 

* 

imately  1/2  a  second  per  card  and  causes  the  data  recorded  on  the  card  to  be 
stored  in  relays  located  in  the  constant  transmitter.  The  60  digits  which  can 
be  read  from  a  card  may  be  broken  up  into  5  digit  or  10  digit  groups  with  sign 
Indication  so  that  as  many  as  16  signed  numbers  may  be  read  from  a  card.  In 
addition,  the  constant  trsuismitter  can  remember  20  digits  and  U  signs  set  up 
manually  on  switches  located  on  front  panel  2  of  this  unit.  These  20  digits  may 
be  broken  up  also  into  groups  of  either  5  or  10  digits  with  sign  Indication,  Once 
stored  in  the  relays  or  on  the  manual  set  switches  of  the  constant  transmitter, 
numerical  data  can  be  obtained  in  pulse  form  for  use  in  any  curithmetic  luiit  of 
the  ENIAC  in  one  addition  time. 

The  first  four  sections  of  this  chapter  are  devoted  to  the  THM  reader 
as  follows:  Section  8,1,  program  controls.  Section  8,2,  plug  board.  Section  8,3* 
programming  circuits,  and  Section  8,4>  numerical  circuits*  The  program  controls 

and  numerical  circuits  of  the  constant  transmitter  are  discussed  in  Sections  8*5; 
and  8,6,  respectively.  An  illustrative  problem  set-up  appears  ih  Section  8,7, 

In  this  chapter,  reference  will  bo  made  to  the  following  drawings; 

Constant  Transmitter  and  Reader 

Cross  Section  PX-11-309 

IBM  Reader  Wiring  PX-11-119 

IBM  Reader  Plug  Board  PX-11-305 

■*^he  rate  is  160  cards  per  ninute  when  the  reader  reads  continuously  without  stop- 
ping  and  nay  be  either  120  or  160  cArds  per  ninute  when  the  reader  stops  between 
readings , 
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Activation  of  IBM  Reader  Relays  in 
Reading  a  Detail-Mast er-Det?JLl 
Card  Sequence 

Constant  Transmitter  Front  View 
Constant  Transmitter  Front  Panels 
Constant  Transmitter  Block  Diagram 
Constant  Transmitter  Cross  Section 
Initiating  Unit  -  Front  View 
Initiating  Unit  Front  Panel 


P}C-ll-30e 

PX-ll-306 

PX-ll-302,  303,  304 

PX-ll-307 

PX-11-116 

PX-9-305 

PX-9-302 


8.0.  GENERAL  SU^a^ARY  OF  THE  READER  AND  CONSTANT  TRANSMITTER 


8,0,1.  IBM  Cards 

The  IBM  reader  operates  on  standard  IBM  cards.  These  cards  have  80 
col\mms  and  each  column  has  12  positions.  The  first  two  positions  (reading  down 
from  the  top)  are  designated  by  12  and  11,  The  remaining  ten  positions  correspond 
to  the  numbers  0  to  9  and  are  printed  to  indicate  this  correspondence.  Data  is 
stored  on  these  cards  by  means  of  card  punches.  The  group  of  columns  used  to 
indicate  the  digits  for  a  given  number  is  called  a  field. 

Any  of  the  60  columns  on  the  card  may  be  used  to  store  either  numerical 
data  or  control  data  (i.e,  information  which  instructs  the  reader  how  to  dispose 
of  the  numerical  data  stored  on  the  card  or  on  succeeding  cards )i  A  column  used 
for  storing  numerical  data  will  have  one  of  the  positions  zero  to  9  punched. 
Negative  numbers  are  indicated  by  an  11  punch  which  can  appear  in  addition  to  a 
digit  punch,  in  any  one  of  the  columns  used  for  the  various  places  of  the  number. 
Mo  sign  indication  punch  is  used  for  positive  numbers.  Columns  used  for  control 
purposes  can  have  multiple  punches.  In  addition,  a  column  used  for  numerical 
data  can  carry  a  12  or  11  punch  for  control  purposes  provided  that  an  11  punch 
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does  not  appear  in  the  same  column  for  sign  indication.  The  distinction  between 
an  11  punch  for  control  purposes  and  one  for  sign  indication  is  made  as  a.  result 
of  the  wiring  of  the  reader  plug  board  (see  Section  8,2,), 

8,0,2,  The  Card  Reader  (refer  to  Px-11-309  and  PX-9-302) 

The  lEU  card  reader  scans  cards  and  causes  numerical  data  (with  sign 
indication)  located  in  any  field  of  the  card  to  be  stored  in  any  groups  of  constant 
trsnsmitter  storage  relays  specified  by  the  operator  (see  Section  8,2,  and  group 
selection  in  Section  8,3,),  The  aforementioned  operations  are  designated  by  the 
phrase  card  reading.  True  negative  numbers  on  the  cards  are  converted  into  nines 
complements  in  the  process  of  being  stored  in  the  constant  transmitter  and  into 
tens  complements  during  transmission  from  the  constant  transmitter.  Moreover,  the 
IBM  reader  can  recognize  2  classes  of  cards  namely,  master  and  detail  cards.  The 
reader  causes  numerical  data  read  from  a  master  card  to  be  stored  in  constant 
transmitter  storage  relays  and  held  until  the  next  master  card  is  read  at  which 
time  the  information  read  from  the  previous  master  card  is  dropped  out  and  re¬ 
placed  by  data  on  the  new  master  card.  Detail  card  information  is  dropped  out 
whenever  a  new  card,  either  master  or  detail,  is  read. 

Certain  controls  for  starting  and  stopping  the  reader  are  found  on  the 
initiating  unit  and  others  on  the  reader  itself.  The  reader  is  stimulated  to 
read  a  card  which  is  in  position  to  be  read  when  the  reader  start  button  on  the 
initiating  unit  is  pressed  at  the  beginning  of  a  confutation  (see  Chapter  II, 
Section  2)  or  at  the  beginning  or  in  the  course  of  a  computation  when  the  reader 
program  pulse  input  terminal  (Ri)  on  the  initiating  unit  is  pulsed.  Pushing  the 
emergency  start  switch  on  the  lEM  reader  itself  also  causes  ccird  reading  to  take 
place.  When  the  reader  is  started  initially  and  there  are  cards  in  its  magazine 
but  not  in  position  to  be  read  (see  Section  8,1,),  the  initial  start  switch  on 
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the  reader  must  be  pushed  to  move  a  card  into  the  reading  position.  The  reader 
stops  reading  when  the  cards  in  its  magazine  have  been  exhausted,  or  its  hopper 
is  filled,  when  the  stop  switch  on  the  reader  is  pressed,  or  when  the  reader's 
motor  generator  is  turned  off  (see  Section  8,1,), 

Also  found  on  the  Initiating  unit  are  a  reader  interlock  pulse  input 
terminal  (Ri)  and  a  reader  program  pulse  output  terminal  (Ro),  Since  reading  takes 
a  not  absolutely  definite  time  for  completion,  the  ENIAC  has  been  so  designed 
that  an  interlock  pulse  must  be  received  and  card  reading  must  be  completed  before 
the  reader  will  emit  a  program  output  pulse  which  can  be  used  to  initiate  the 
phase  of  the  computation  which  follows  card  reading.  One  exception  to  this 
statement  is  noted  in  Section  8,1,1, 

8,0,3,  Card  Reading  (refer  to  PX-11-309  and  PX-11-119) 

The  operator  specifies  the  criterion  for  master  or  detail  cards  and  also 
the  correspondence  between  positions  on  the  card  and  storage  relays  in  the  con¬ 
stant  transmitter  by  means  of  the  setting  of  the  polarity  switch  located  on  the 
reader  and  by  the  manner  in  which  the  reader  plug  board  is  wired  (see  Section  6,2.), 
The  reader  recognizes  its  instructions  with  regard  to  these  matters  through  the 
punches  made  on  the  various  cards. 

The  programming  eqviipment  (see  Section  8.3«)  in  the  reader  which 
carries  out  the  instructions  consists  of  relays  and  cams  which  make  and  break  con¬ 
tact  at  various  times.  The  programming  relays,  in  general,  are  used  as  follows? 

-JHi- 

Each  relay  has  either  a  pick-up  (P)  coil,  a  hold  (H)  coil  or  both  and  con¬ 
tacts  some  or  all  of  which  may  be  used.  The  hold  coil  of  a  relay  is  connected 
in  series  through  one  of  its  contacts,  called  the  hold  contact,  to  a  timing  cam, 

^<When  cards  are  in  position  to  be  read,  the  initial  start  switch  cannot  stimulate 
card ■ reading . 

iK'VJn,ere  one  type  of  coil  is  missing,  the  functions  of  both  types  are  performed  by 
the  one  used. 
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Some  stimulus y  a  partic\ilar  punch  on  a  card  or  the  activation  of  another  relay^ 
perhaps,  causes  the  F  coll  of  a  relay  to  pick  up«  The  H  coil  then  holds  the 
relay  through  its  hold  ccmtact  until  the  cam  with  which  the  relay  is  in  series 
breaks  contact. 

nc>ll-119  shows  the  various  relays  and  cams.  The  several  components 
of  a  relay  are  often  found  on  different  parts  of  the  diagram.  The  rel^  location 
chart  at  the  top  of  FX-Il-119  gives  the  location  on  the  diagram  of  the  P  and  H 
colls  and  the  points  of  contact  (A  and  B  lower  and  upper).  The  timing  cams  are 
designated  on  this  drawing  by  PI*  -  PIO.  The  times  at  which  the  cams  make  and 
break  contact  are  also  noted  here  with  U  and  B  respectively  identifying  the  make 
and  break  times.  The  times  are  given  according  to  the  lEU  scale  which  divides 
the  card  reading  cycle  into  14  subdivisions  designated  by  14,  12,  11,  0,  1, 

6,  9f  13*  The  cycle  begins  half  a  unit  before  14  and  ends  half  a  unit  after  13. 
For  the  reader,  the  time  divisions  are  approximately  equal,  liore  complete  timing 
information  about  the  cams  is  given  on  PX^ll-309* 

The  cards  are  read  by  being  passed  under  each  of  two  continuous  rolls. 
Eighty  brushes  located  below  the  card  make  contact  with  the  continuous  roll  where 
the  card  has  been  punched.  The  reader  by  means  of  the  80  brushes  scans  all  80 
columns  of  a  card  simultaneously  beginning  at  time  12  with  line  12  in  all  columns 
and  then  the  11  line  in  time  11  and,  finally,  in  time  9,  the  9  line. 

There  are  two  continuous  rolls  each  with  a  set  of  80  brushes,  roll  No.  1 
with  the  control  brushes  anc^iroll  No,  2  with  the  read  brushes.  Each  card  is  read 
in  two  cycles.  At  the  start  of  the  i^^  card  reading  cycle,  card  i  is  in  front 
of  continuous  roll  No.  2  making  contact  with  card  lever  contact  No.  1  for  con¬ 
tinuous  roll  2  (CR  No,  2,  CLC  No,  1)  and  card  i  +  1  is  in  front  of  continuous 
,roil  No,  1  making  contact  with  card  lever  contact  No,  1  for  continuous  roll  No,  1 
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(CR  No,  1,  CLC  No,  1),  During  the  reading  cycle,  card  i  is  moved  under  roll 
No,  2  and  scanned  by  the  read  brushes  for  numerical  data.  This  data  is  ultimately 
delivered  through  the  connections  made  on  the  plugboard  to  the  lines  which  go  to 
relays  in  the  constant  transmitter.  While  card  i  is  passing  under  continuous 
roll  No.  2,  card  i  +  1  is  passing  under  continuous  roll  No,  1  where  it  is  read 
by  the  control  brushes.  The  control  brushes  pick  up  instructions  with  regard  to 
how  card  i  +  1  is  to  be  treated  and  deliver  these  instructions  via  plugboard  con¬ 
nections  to  the  prograimiing  circuits  of  the  reader  (see  Section  8,3.)  As  card 
i  +  1  moves  vinder  continuous  roll  No,  1,  card  i  +  2  moves  out  of  the  magazine  so 
that  cards  will  be  in  position  for  the  i  +  1  st  reading  cycle.  The  second  or 
numerical  reading  cycle  for  a  card  docs  not  necessarily  follow  immediately  after 
the  first  or  control  cycle.  The  second  cycle  takes  place  when  the  reader  Is 
stimulated  to  start  reading.  However,  when  a  master  card  is  read,  the  9econd 
cycle  for  the  detail  card  immediately  after  the  master  card  takes  place  without 
delay. 


8,0.4.  Storage  of  Card  Data  in  the  Constant  Transmitter 

The  circuits  involved  in  converting  numerical  data  punches  into  a  storage 
form  usable  by  the  Eniac  itself  are: 


80  read  brushes 


(see  PX-11-309,  11-119) 


7 


In  the 
reader 


Coding  cams  CBI,  CB2,  .,,,  CB9  (see  PX-11-309,  11-119) 


16  groups  of  8  coding  relays  each 
16  pairs  of  PM  relays 
6  isolating  relays 
80  groups  of  4  storage  relays  each 


(Ci,  Co,  ...,  Cg  on  PX— 11— ll6, 

11-309); 

(PM»  and  PM"  on  PX-11-116,  ^  In 

11-309)  the 

(labelled  R  on  PX-11-116,  ►Constant 
11-309)  Trsins- 

(thc  storage  relays  for  the  mitter 


first  group  are  labelled.  1-1,  1-2,  1-2' , 


and  1-4  on  PX-ll-ll6)\ 
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Information  from  the  80  columns  on  the  IM  card  is  ultimately  stored  in  the  80 
groups  of  storage  relays.  The  80  groups  of  storage  relays  ccaitrol  80  groups  of 
four  constant  selector  gates  each  (see  PX-11-307)  and  these  gates  in  turn,  control 
the  gates  vihich  allow  the  1,  2,  2' ,  and  4  pulses  respectively  to  pass  when  a  con¬ 
stant  is  being  transmitted  from  the  constant  transmitter. 

Each  5  digit  group  with  sign  indication  is  set  up  in  the  storage  relays 
and  HI'  and  PU"  relays  as  a  result  of  the  interaction  of  the  coding  cams,  a  con¬ 
tact  on  one  of  the  6  HI  isolating  relays,  the  pair  of  PM  relays,  a  group  of  8 
coding  relays,  and  the  5  leads  from  the  read  brushes  which  read  the  columns  be¬ 
longing  to  that  group  of  5  digits, 

8,0,5,  Transmission  of  Data  from  the  Constant  Transmitter  (refer  to  PX-11-302, 

11-303,  11-309,  and  11-307) 

On  panel  1  (see  PX-11-302)  of  the  constant  transmitter  are  found  30 
program  controls  and  associated  neons  (see  PX-11-306),  Each  program  control  con,- 
sists  of  a  transceiver  with  program  pulse  input  and  output  terminals  and  an 
associated  constant  selector  switch.  Each  group  of  6  program  controls  is  con¬ 
cerned  with  the  transmission  of  20  digits.  The  program  controls  numbered  1-24 
handle  the  80  digits  read  from  IBM  cards  and  those  numbered  25-30  the  20  digits 
set  up  manually  on  the  constant  set  switches  located  on  panel  2  (see  PX-11-303), 

The  letters  A,  B,  ,,,,  G,  H  on  the  constant  selector  switches  refer  to  the  8  groups 
of  10  digits  each  which  can  be  stored  in  the  constant  transmitter  frcrni  IBM  cards; 

J  and  K  refer  to  the  20  digits  set  up  manually  on  the  set  switches  located  on 
panel  2.  Subscripts  L  and  R  refer  respectively  to  the  left  and  right  hand  groups 
of  5  digits  (each  with  sign  indication)  of  a  10  digit  group.  Ten  digits  with  a 
single  PU  are  designated  by  subscript  IR.  (See  Section  8.2,  for  the  correspondence 
between  storage  relay  hubs  on  the  plug  board  and  the  points  A^,  Ajj,  on 
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the  constant  selector  switches*)  The  digit  output  of  the  constant  transmitter  is 
emitted  through  the  output  teminal  on  panel  1  (see  PX-11-302),, 

Any  or  all  of  the  6  constant  selector  switches  of  a  group  may  be  set  so 
as  to  call  for  the  transmission  of  any  one  5  digit  or  10  digit  signed  number  con¬ 
trolled  by  that  group  of  switches.  The  only  restriction  is  that  if  a  constant 
selector  switch  be  set  so  as  to  call  for  the  tre.nsmission  of  either  the  L  or  R 
5  digits  of  a  10  digit  group,  none  of  the  other  5  switches  may  bo  set  so  as  to  ceJ.1 
for  the  transmission  of  the  same  10  digits  as  a  group  (LR),  Conversely,  if  10 
digits  are  combined  by  an  LR  setting  of  a  constant  selector  switch,  the  same  10 
digits  can  never  be  broken  up  into  5  digit  L  or  R  groups  on  any  of  the  remaining 
5  constant  selector  switches. 

The  points  on  the  constant  selector  switches  are  connected  to  the  con¬ 
stant  selector  gates.  For  these  gates  the  2nd  input  comes  from  a  storage  relay 
or  a  constant  set  switch  and  may,  in  either  case,  be  a  digit  or  a  PM. 

The  constant  selector  gates  whose  second  inputs  are  numerical  in  nature, 
control  the  1,  2,  2*,  and  4  pulse  gates  which  allow  suitable  combinations  of  the 
1,  2,  2',  and  4  pulses  to  be  passed  over  the  10  digit  lo^vds  of  the  constant  trans¬ 
mitter's  digit  output  terminal  (located  on  panel  1)*  The  constant  selector  gates 
whose  second  inputs  are  derived  from  minus  sign  indication,  control  gates  which 
allow  the  9  pulses  to  pass  over  the  FM  lead  and  possibly  the  5  left  hand  leads 
of  the  digit  output  terminal  and  which  allow  the  1'  pulse  (needed  to  produce  a 
tens  instead  of  nines  complement)  to  pass  over  either  the  units  place  or  10^ 
place  lead  of  the  digit  output  terminal. 
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e.l.  PHOaUM  CONTROLS  OF  THE  lEM  READER  (Refer  partic\ilarly  to  PX-U-U9) 

The  reader  program  controls  located  on  the  reader  are  the  initial  start 
switch,  the  emergency  start  switch,  the  oh-off  switch  and  the  green  motor  generator 
signal  light,  and  a  stop  switch.  Relay  3  in  the  reader  is  the  start  relay  for  the 
clutch  magnets  which  cause  the  card  feed  mechanism  to  operate.  Also  inside  the 
reader  are  certain  circuit  elements  which  function  in  conjunction  with  the  program 
controls  for  starting  the  reader:  magazine  card  lever  contact  (Mag  CLC)  ^d  re-> 
lay  1,  card  lever  contact  No.  1  for  continuous  roll  No.  1  (CR  No.  1,  CLC  No.  1) 
and  relay  2,  card  lever  contact  No.  2  for  continuous  roll  No.  1  (CR  No.  1  CLC 
No.  2),  and  the  card  stacker  switch.  Card  lever  contact  No,  1  for  continuous 
roll  Ho.  2  {CR  No.  2,  CLC  No.  1)  with  relay  60,  and  relay  $9  in  the  reader  play 
a  part  in  the  emission  of  reset  and  finish  signals  by  the  reader  and  are  dis¬ 
cussed  in  greater  detail  in  Section  8.3.3. 

Located  at  the  initiating  iinit  (see  PX-11-307)  are  other  program  controls 
for  the  reader:  the  reader  start  button,  the  reader  program  pulse  Input  terminal 
(Ri)and  start  flip-flop,  the  reader  interlock  pulse  input  terminal  (Rl)  and  flip- 
flop,  the  reader  finish  flip-flop,  the  reader  synchronizing  flip-flop,  program 

output  pulse  transmitter,  and  program  pulse  output  terminal  (Ro). 

/ 

The  only  program  control  for  the  reader  that  is  housed  in  the  constant 
transmitter  is  the  reader  start  relay. 

The  green  motor  generator  signal  light  goes  on  when  the  reader  is  plugged 
into  a  source  of  power  provided  that  the  on-off  switch  is  on.  The  reader  can  be 
plugged  into  any  of  the  a-c  outlet  tenainals  found  at  the  base  of  each  unit  of 
the  ENIAC,  Power  is  Supplied  to  the  outlets  below  panel  2  of  the  printer  and 
panel  3  of  the  constant  transmitter  only  when  the  ENIAC*  s  heaters  are  onj  all 
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HEiiDER  PROGHiM  CONTROLS 


Program  Control 


•1)  Ott-off  sKitch 


2)  Initial  Start 
Switch 


3)  Ri  and  start 
flip-flop  ?5ntl 
start  relay. 


It)  Ikaergency  Start 
Switch 


5)  Reader  Start 
Button 


Header 


9;  CLC  No.  1  for 
CR  No.  2  and 
relay  60 


Relay  59 


Turns  reader's  motor  generator  on  or  off.  Green  signal  light  is  on  when  generator  is 
running. . . .  . 

Used  to  move  first  card  of  a  deck  into  position  for  reading  and  to  move  last  two  cards 

through  the  reader. _  _  _  ^  _ 

When  Ri  is  pulsed,  start  F,P,  is  set,  start  relay  is  activated,  and  card  reading  takes 
place  subject  to  items  6,  7,  and  8,  Program  output  pulse  is  transmitted  at  the  end  of 
reading  subject  to  items  9,  10,  and  11* 

I  _ _ _ 


Parallels  the  circuit  of  item  3.  The  reader  continues  to  read  subject  to  items  6,  7, 

8  as  long  as  this  switch  is  closed.  Does  not  usually  cause  the  emission  of  a  program 
output  pulse  when  reading  is  completed  since  in  the  xisual  applications  no  interlock 
pulse  is  provided  when  this  switch  is  used*  It  is  chiefly  used  for  testing  the  reader 
and  constant  transmitter,  _ _ _ _ 


Initiating  Can  be  used  to  initiate  the  first  card  reading  of  a  confutation  provided  that  the  set- 
Unit  up  does  not  call  for  a  sequence  in  parallel  with  the  first  card  reading.  The  initial 

<«ta^  switch  should  be  pushed  imnedlately  before  or  after  the  reader  start  button  if 
an  cards  are  in  the  magazine  and  there  is  not  a  card  in  position  for  reading. 


Reader [ Prevents  operation  of  items  2-5  when  card  stacker  is  filled. 


Prevent  card  reading  by  items  3^  when  magazine  is  empty. 


Prevent  card  reading  by  items  3-5  i^dien  there  is  no  card  before  continuous  roll  1. 


Prevent  reader  from  emitting  a  reset  signal  for  the  start  F,  F.  and  a  finish  signal* 
if  there  is  no  card  before  continuous  roll  2. 


Prevents  reader  from  emitting  a  reset  or  finish  signal  until  the  detail  card  follow¬ 
ing  a  master  card  passes  under  the  read  brushes  associated  with  roll  2. 


Note  the  reception  of  an  interlock  input  pulse. 


Reader 


Reader 


Initiating  Provide  for  the  transmission  of  a  program  output  pulse  when  reading,  initiated  by 
unit  item  3,  is  completed  provided  that  an  interlock  pulse  is  received.  For  reading 

'  initiated  by  item  5,  program  output  pulse  is  transmitted  2  addition  times  after  read* 
ing  is  cor’^ 
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other  outlets  are  alive  even  when  the  heaters  are  off.  Switching  the  on-off 
switch  to  the  off  position  turns  the  reader's  power  off  canpletelyi  the  reader  can 
be  prevented  fron  reading  tenporarily  by  holding  down  t ho  stop  key. 

The  foregoing  reader  c<5ntrols  and  others  still  to  be  discussed  are 
summarized  in  table  8-1, 

8,1,1,  Program  Input  and  Output  Circuita 

The  usual  method  for  stimulating  the  reader  to  read  a  card  in  the  course 
of  a  computation  is  to  deliver  a  program,  pulse  to  Ri,  A  pulse  received  at  Ri  sets 
the  reader  flip-flop  and,  thus,  causes  the  start  relay  to  be  activated.  Now,  with 
contacts  lA  and  2A  closed  and  with  the  card  stacker  switch  closed,  the  circxiit  to 
relay  3  is  closed  through  a  contact  on  the  start  relay  (shown  on  PX-11-307)*  When 
relay  3  is  energized,  the  clutch  magnets  which  cause  the  card  feed  mechanism  to 
operate  are  activated.  Notice  that  relay  3  can  be  activated  as  the  result  of 
the  setting  of  the  stj^rt  flip-flop  only  if  there  is  at  least  one  card  in  the 
magazine  (so  that  relay  1  is  activated  through  Mag  CLC),  there  is  a  card  waiting 
to  be  read  by  the  control  brushes  (so  that  relay  2  is  activated  through  CLC  No,  1 
of  CR  No,  l)  and,  the  card  stacker  is  not  filled  to  capacity  (so  that  the  card 
stacker  switch  is  closed). 

During  the  period  12,0  -  12.5  which  is  about  l/7th  the  way  through  a 
reading  cycle,  the  reader  emits  (via  line  129)  ^  reset  sigial  for  the  start  flip- 
flop  in  the  initiating  unit  provided  that  a  detail,  and  not  a  master  card,  is 
passing  under  the  read  brushes  and  provided  that  there  is  a  card  in  contact  with 
CLC  No,  1  of  CR  No,  2  (see  Section  8,3,3.).  After  the  start  flip-flop  is  reset, 
if  another  pulse  is  received  at  Ri,  this  flip-flop  is  capable  of  remembering  that 
another  reading  cycle  is  to  take  place  after  the  completion  of  the  one  in  which 
the  reader  is  engaged.  The  operator  is  cautioned  that  a  pulse  delivered  to  Ri 
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before  the  start  flip-flop  has  been  reset  is  losti 

During  the  period  9.5  -  13.0,  at  the  and  of  a  card  reading  cycle,  a 
finish  signal  is  emitted  by  the  reader  (via  line  12?)  provided  that  the  card 
whose  numerical  reading  is  being  corr^jleted  is  not  a  master  card  and  provided 
that  there  is  a  card  in  front  of  continuous  roll  No.  2  waiting  to  be  read  (see 
Section  8.3.3.).  The  finish  signal  sets  the  reader  finish  flip-flop,  VShen  an 
interlock  pulse  is  received  and  the  interlock  flip-flop,  therefore,  is  set,  gate 
69  acting  on  the  coincidence  of  signals  from  the  finish  and  interlock  flip-flops, 
emits  a  signal  which  allows  a  GPP  to  pass  through  gate  62.  The  output  of  gate  62 
sets  the  reader  synchronizing  flip-flop.  A  GPP  gated  through  gate  ^  by  the 
normally  negative  output  of  the  synchronizing  flip-flop  resets  the  finish,  inter¬ 
lock,  and  synchronizing  flip-flops  and  passes  through  the  reader  program  output 
transmitter  to  be  emitted  through  Ro  as  a  program  output  pulse. 

Pushing  the  reader  start  button  initiates  the  same  actions  as  pulse 
input  to  Hi,  but  also  sets  the  interlock  flip-flop.  Hence  no  interlock  pulse 
need  be  provided  to  obtain  a  program  output  pulse  for  a  reading  initiated  by 
this  control. 

The  reader  start  button  is  intended  for  use  at  the  start  of  a  computa¬ 
tion  whose  first  program  consists  of  card  reading  with  no  program  sequence  in 
parallel.  Provision  has  been  made  for  the  setting  of  the  interlock  flip-flop 
by  the  reader  start  button  since,  with  no  parallel  sequence  for  the  first  card 
reading,  it  would  otherwise  be  impossible  to  provide  the  interlock  pulse  without 
which  the  reader  does  not  emit  a  program  output  pulse  (also  see  Section  8,1,3*  for 
the  procedure  for  reading  the  first  card  of  a  deck), 

8,1.2,  Emergency  Start  Switch 


The  emergency  start  switch  parallels  the  operation  of  the  circuit  con- 
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si sting  of  Ri,  the  start  flip-flop^  and  the  stcrt  relay.  As  long  as  this  switch 
is  closed,  relay  3  is  activated  under  the  same  restrictions  as  were  noted  above 
in  the  discussion  for  the  circuit  which  this  switch  parallels.  Just  as  in  that 
case,  card  reading  takes  place  and  a  reset  and  a  finish  signal  are  emitted.  The 
reset  signal  has  no  effect  since  the  start  flip-flop  is  not  flipped  into  the 
abnormal  state.  The  finish  signal  does,  however,  sot  the  finish  flip-flop.  If 
an  interlock  pulse  is  not  delivered  to  HI  for  a  reading  initiated  by  the  emergency 
start  switch,  no  program  output  pulse  is  emitted  by  Ro  even  though  the  finish  flip- 
flop  is  set,  Since  no  output  pulse  is  transmitted,  the  finish  flip-flop  is  not 
reset.  Therefore,  reading  initiated  by  the  emergency  start  switch  does  not  leave 
the  reader  program  controls  in  their  normal  state. 

In  a  reading  initiated  by  the  controls  discussed  in  Section  8,1,1,  the 
reader  stops  after  one  detail  card  or  after  the  detail  card  following  one  or  more 
master  cards,  VJhen  the  emergency  start  switch  is  used,  the  reader  continues  to 
read  as  long  as  this  switch  is  held  closed. 

The  emergency  start  switch  provides  a  convenient  means  of  testing  the 
reader  and  constant  transmitter.  It  has  the  advantage  that  no  program  tray  con¬ 
nections  are  needed.  If,  moreover,  there  is  a  problem  set  up  for  computation  on 
the  ENIAC  when  the  reader  is  tested,  the  use  of  the  emergency  start  switch  has 
the  advantage  that  no  program  output  pulse  to  stimulate  other  programs  is  emitted 
when  reading  is  completed  (unless  an  interlock  pulse  is  received). 

8,1,3.  Initial  Start  Switch  -  Procedure  for  reading  the  first  card  of  a  deck. 

Above  it  was  pointed  out  that  not  only  must  the  magazine  have  cards  in 
it  and  the  card  stacker  not  be  filled  to  capacity,  but  also,  there  must  be  a  card 
in  position  before  continuous  roll  No,  1  for  card  reading  to  be  stimulated  by 
pulse  input  to  Ri,  by  the  reader  start  button,  or  by  the  emergency  start  switch. 
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When  the  first  reading  is  to  be  stimulated  vfith  cards  in  the  magazine  but  no  card 
in  contact  with  CLC  No,  1  of  CR  No.  1,  the  initial  start  s>»itch  is  used.  When 
the  initial  start  switch  is  closed,  relay  3  is  activated  through  contact  2B  which 
is  closed  because  there  is  no  card  in  contact  with  CH  No,  1,  CLC  No,  1,  The  first 
card  of  the  deck  is  thus  pushed  under  continuous  roll  No,  1  and  read  by  the  con¬ 
trol  brushes.  If  the  initial  start  switch  alone  is  pushed,  then  the  reader  stops 
before  this  first  card  goes  through  a  numerical  cycle.  If  the  start  flip-flop  is 
set (by  the  reception  of  pulse  at  Ri  or  by  pushing  the  reader  start  button)  after 
the  initial  start  switch  is  pushed,  relay  3  is  then  activated  through  contacts  lA 
and  2k  so  that  the  first  card  goes  through  a  numerical  reading  cycle.  Reset  and 
finish  signals  are  emitted  in  the  course  of  this  cycle  provided  that  the  first 
card  is  not  a  master  card. 

If  desired,  the  start  flip-flop  may  be  set  first  and  then  the  Initial 
start  switch  can  be  closed.  This  switch  then  causes  the  first  card  to  go  through 
a  control  brush  reading.  Since  there  is  no  card  in  contact  with  CR  No,  2,  CLC 
No,  1,  relay  60  is  not  activated  and  therefore,  no  reset  or  finish  signals  are 
emitted  in  this  reading  cycle.  The  start  flip-flop  thus  ronains  activated,  and, 
relay  3  is  then  activated  through  contacts  lA  and  2A.  A  cycle  in  which  the  first 
card  is  read  for  numerical  data  follows  immediately  and,  provided  that  card  No.  1 
is  not  a  master  card,  reset  and  finish  signals  are  emitted. 

Notice  that  relay  3  can  be  activated  as  a  result  of  pushing  the  initial 
start  switch  only  through  contact  2B  or  the  upper  B  contact  of  relay  1,  Thus, 
the  initial  start  switch  can  be  used  only  when  all  cards  are  in  the  magazine  so 
that  2B  is  closed  or,  at  the  end,  when  the  magazine  is  empty  so  that  the  upper 
B  contact  of  relay  1  is  closed. 

If  n  cards  are  placed  in  the  magazine  at  the  beginning  of  a  computation. 
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the  cycle  in  which  card  n-1  is  read  under  continuous  roll  No*  1  and  card  n-2 

under  continuous  roll  No,  2  is  the  last  cycle  which  can  be  initiated  by  pulse 

input  to  Hi,  or  by  pushing  either  the  reader  start  button  or  the  emergency  start 

th 

switch.  For,  during  this  cycle,  the  n  card  moves  out  of  the  magazine  into 
position  before  continuous  roll  No,  1,  VfLth  the  magazine  empty,  Mag  CIC  does 
not  make  contact  and  relay  1,  therefore,  is  not  activated  so  that  the  reading  of 
cards  n-1  and  n  could  be  brought  about  only  by  holding  down  the  initial  start 
switch.  The  necessity  for  using  this  switch  to  cause  the  reading  of  the  2  final 
cards  of  interest  to  the  computation  can,  obviously,  be  avoided  by  placing  at 
least  2  dummy  cards  at  the  bottom  of  the  dock  (which  becomes  the  top  of  the  deck 
when  the  cards  are  placed  in  the  magazine  -  see  the  note  on  PX— 11-309), 

If  blank  ceirds  are  used  at  the  end  of  a  dock  and  if  they  are  not  with**' 
drawn  by  the  use  of  the  initial  start  switch  before  the  magazine  is  refilled,  the 
operator  sliould  anticipate  difficulty  if  the  set*-up  is  one, in  which  the  reader's 
program  output  pulse  stimulates  the  divider  and  square  rooter  to  carry  out  a 
division  program  for  which  the  denominator  is  derived  from  the  card  just  read. 
For,  when  the  magazine  is  refilled,  the  blank  cards  remaining  from  the  last  deck 
are  the  first  cards  read  and  the  output  pulse  emitted  when  one  of  these  has  been 
read  causes  the  divider  to  embark  on  an  infinite  process,  division  by  zero.  This 
difficulty  can  be  circumvented  by  causing  the  reader' s  program  output  pulse  to  be 
suppressed  for  the  dummy  cards.  If  the  plug  board  is  wired  so  that  the  reader 
c-m  I’f  cofpize  paster  cards  and  if  the  dummy  cards  are  punched  with  master  card 
i'if,.oruc!,ions  (see  Section  8.2,),  no  progr;am  output  pulse  will  be  emitted  as  long 
^  j  the  du.TKn.v  cards  are  read  since  the  reader  does  not  emit  either  a  reset  or  a 
fxr.inh  signal  for  a  cycle  in  which  a  master  card  passes  under  continuous  roll 
N  .  2  (see  Section  8,3,34). 
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8.2,  POURITY  SVrtTCH  AND  PUJG  BOARD 

The  lEU  plug  board  is  a  characteristic  device  belonging  to  IBlil  units. 

It  is  a  detachable  board  containing  a  large  number  of  single  hole  terminals  called 
hubs.  When  the  board  is  in  place  for  operation,  these  hubs  are  connected  to  some 
line  in  the  permanent  wiring  of  the  machine.  Numerous  small  Insulated  lengths  of 
wire  are  provided  b7  which  these  hubs  may  be  connected  in  pairs  (occasionally  in 
larger  groups),  thereby  connecting  in  each  case  two  or  more  lines  in  the  pomanent 
wiring.  This  process  is  called  wiring  the  plug  board.  It  may  be  done  in  an 
enormous  variety  of  ways,  thus  achieving  corresponding  flexibility  in  programming. 
The  possibility  of  detaching  the  board  as  a  whole  from  the  machine  not  only 
facilitates  the  process  of  wiring,  but,  by  the  use  of  spare  boards,  enables  one 
to  keep  on  hand  a  number  of  boards  with  programs  wired  up. 

The  wiring  of  the  plug  board  establishes,  among  other  things,  the  cor¬ 
respondence  between  columns  carrying  certain  data  on  the  cards  and  the  relays 
storing  the  same  data  in  the  constant  transmitter.  It  provides  also  for  storage 
relay  groups  which  may  be  used  for  negative  numbers  in  order  to  isolate  minus 
indications  from  numerical  data. 

There  is  on  the  reader  a  polarity  switch  whose  setting,  in  conjunction 
with  the  wiring,  contributes  to  program  control.  Among  the  more  important  types 
of  progranming  accomplished  by  the  wiring  of  the  reader  plug  board  are  those 
for  reset  control  and  group  selection. 

The  IBM  plug  board  for  the  reader  is  shown  on  PX-11-305.  The  various 
hubs  are  labelled  on  this  diagram  but  certain  additional  words  of  e:q)lanation 
may  be  helpful. 


The  No,  1  read  brush  hubs  appear  in  lines  1-A  of  the  plug  board.  These 
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hubs  connect  to  the  control  brushes  and  their  numbering  corresponds  to  that  of 
the  columns  on  an  IBM  card. 

The  two  hubs  on  linos  5  and  6  which  are  above  and  below  the  letter  C, 
are  common,  i.e,,  internally  connected.  One  or  both  of  these  hubs  may  be  used 
for  control  purposes.  The  hubs  to  the  left  of  the  C  hubs  are  unused. 

The  single  hub  marked  RG  on  line  6,  the  16  reset  shunt  hubs  which 
appear  at  the  left  of  lines  7  and  8,  and  the  reset  control  hubs  on  line  9  are 
used  for  the  reset  control  programming  instructions  discussed  below.  The  nuniber- 
ing  of  the  reset  control  hubs  corresponds  to  the  nianbering  of  the  16  five  digit 
groups  of  storage  relays  in  the  constant  transmitter  (see  Table  8-2). 

The  group  selection  hubs  on  lines  5  and  6  idiich  are  common  hubs  and 
those  on  lines  18-29  are  used  for  group  selection  instructions  as  explained  later 
in  this  section.  The  group  selection  hubs  on  lines  18-29  are  arranged  in  16  five 
digit  groups.  For  each  digit  there  are  three  hubs,  C,  A,  and  B,  T/llhen group 
selection  (see  below)  takes  place  the  C  and  B  hubs  are  internally  connected}  other¬ 
wise  C  and  A  are  connected.  Each  of  the  group  selection  hubs  above  a  number  on 
line  $  is  common  with  the  hub  below  the  same  number  on  line  6,  Eadi  pair  of  hubs 
on  lines  5  and  6  corresponds  to  the  A-B-C  group  of  the  same  number  on  lines  18-29, 
The  minus  control  hubs  appear  on  lines  15  and  16.  Each  hub  above  a 
number  is  common  with  the  one  below  the  same  number.  Minus  punch  information 
is  routed  through  these  hubs  to  the  IVL*  and  PM"  relays  of  the  correspondingly 
numbered  groups  in  the  constant  transmitter. 

The  No,  2  read  brush  hubs  are  the  outputs  of  the  No,  2  read  brushes. 
Numerical  data  read  from  any  of  the  80  columns  of  an  IBM  card  is  delivered  to 
the  correspondingly  numbered  hub  of  this  group. 
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The  storage  roley  hubs  on  lines  31-34  connect  to  contacts  on  the  constant 
trananitter' s  coding  relays  and  ultiraatoly  to  the  storage  relays.  The  correspond¬ 
ence  between  the  numbering  of  the  16  five  digit  groups  here  and  the  labelling  of 
the  Doints  on  the  constant  selector  switches  is  shown  in  Table  8-2, 

The  two  kinds  of  programing  instruction  which  the  reader  recognizes 
arc  reset  control  and  group  selection.  The  reset  control  instruction  refers  to 
distinguishing  between  uaster  and  detail  cards.  As  long  as  detail  cards  are  read, 
the  reader  causes  information  stored  in  the  storage  relays  as  a  result  of  the 
reading  of  the  previous  detail  card  to  be  dropped  «out  before  new  detail  infor¬ 
mation  is  stored^and  also  causes  information  stored  in  the  storage  relays  as  a 
result  of  the  reading  of  the  last  master  card  to  be  rotfined  (provided  the  plug 
board  is  so  wired).  Reset  control  operates  when  a  master  card  is  read.  This 
means  that  the  reader  causes  all  information,  both  master  and  detail,  to  be 
dropped  out  of  the  storage  relays  and  new  master  information  from  the  master 
card  to  be  placed  in  storage.  Also,  when  reset  control  takes  place,  the  card 
following  the  master  card  (usually  a  detail  card)  is  read  immediately  after  the 
master  card.  No  reset  or  finish  signal  is  emitted  until  the  reading  of  a  card  is 
completed. 

The  group  selection  instruction,  which  may  be  given  for  either  a  master 
or  detail  card,  makes  it  possible  for  data  from  one  field  to  be  placed  normally 
in  certain  storage  relays,  and,  when  group  selection  operates,  in  a  different 
group  of  storage  relays, 

A  second  form  of  group  selection  instruction  is  used  when  it  is  desired 

normally 

to  store  in  one  set  of  storage  relays  inf  irniation  whicty^ccurs  in  a  given  field 
of  the  card,  but  which  is  found  in  a  different  field  of  the  card  when  group 


selection  is  to  occur 
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The  first  fora  of  group  selection  is  convenient  when  using  a  set  of 
cards,  perhaps  master  and  detail,  which  are  so  punched  that  the  same  field  used 
for  master  information  on  the  master  card,  on  the  detail  card  is  used  for  detail 
information.  The  second  form  of  group  selection  would  be  useful  for  a  set  of 
cards  consisting  of  two  subsets  in  which  there  appeared  data  for  the  same  quantity 
sometines  in  one  field  and  sometimes  in  another. 

The  polarity  switch  has  two  positions,  normal  and  abnormal,  ViTith  the 
polarity  switch  in  the  normal  position,  programming  instructions  for  reset  control 
and/or  group  selection  are  always  specified  in  a  given  column  of  the  card  with 
different  instructions  being  specified  by  different  punches.  With  the  polarity 
switch  in  the  abnormal  position,  programniiig  instructions  are  given  by  a  specific 
punch  with  the  different  instructions  being  distinguished  by  the  different  columns 
in  which  the  specific  punch  appears.  The  polarity  switch  maikes  possible  this 
flexibility  by  interchanging  the  connections  to  the  source  of  power  so  as  to  make 
the  polarity  consistent  with  plug  board  wiring.  It  is  important  to  note  that  the 
setting  of  the  polarity  switch  must  not  be  altered  when  the  reader' s  motor  genera¬ 
tor  is  on  (green  signal  light  is  on). 

With  the  polarity  switch  in  the  normal  position,  the  column  whibh  is 
to  contain  punches  for  programming  instructions  is  specified  by  plugging  from  one 
of  the  C  hubs  to  the  No,  1  read  brush  hub  corresponding  to  that  column.  If 
desired,  the  control  punch  may  appear  in  either  column  i  or  j.  This  latter  in¬ 
struction  is  specified  by  plugging  one  of  the  common  C  hubs  to  the  i  hub  and 
the  other  C  hub  to  the  j  hub  of  the  No,  1  read  brushes. 

The  particular  punch  appearing  in  the  given,  column  (or  columns)  which 
is  to  signal  for  reset  control  is  specified  by  plugging  from  the  RC  hub  to  the 
digit  selector  hub  corresponding  to  the  particular  punch,  A  punch  read  no  later 
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in  the  card  reading  cycle  than  a  6  punch  should  be  used  to  stimulate  reset  con¬ 
trol  In  order  to  allow  sufficient  time  for  the  reset  control  prograisndng  circuits 
to  function  properly  (see  Section  8.3,1,).  Finally,  the  master  information  group^ 
(or  groups)  is  (or  are)  specified  by  plugging  from  the  reset  control  hubs  cor¬ 
related  with  the  group  (or  groups)  to  any  of  the  reset  shunt  hubs.  Drawing 
PX-11^305  HI  presents  an  illustrative  plugging  for  reset  control  instructions 
when  the  polarity  switch  is  in  the  normal  position. 

With  the  polarity  switch  in  the  normal  position,  the  particular  punch 
(in  the  column  or  columns  specified  by  the  plugging  from  C  to  the  No.  1  read 
brushes)  which  gives  a  group  selection  instruction  is  specified  by  the  plugging 
from  the  digit  selector  hubs  to  the  group  selection  hubs  immediately  above.  The 
card  fields  and  storage  relay  groups  involved  in  the  groi^j  selection  and  the  man¬ 
ner  in  which  they  are  involved  are  designated  by  the  plugging  from  the  No.  2  read 
brushes  to  the  group  selection  hubs  on  lines  18-29  (corresponding  to  the  ones  used 
on  lines  3  and/or  6)  and  then  from  these  hubs  to  the  storage  relay  hubs.  Group 
selection  in  which  data  from  either  of  2  fields  on  the  card  is  placed  In  a  single 
storage  relay  group  is  provided  for  by  plugging  the  3  hubs  of  the  storage  relay 
group  to  the  C  hub  of  the  group  selection  hubs  and  by  plugging  the  five  No.  2  read 
brush  hubs  from  vMch  data  is  normally  taken  to  the  A  hubs  and  the  five  No.  2  read 
brushehubs  from  which  data  is  taken  when  group  selection  occurs  to  the  B  hubs  of 
the  group  selection  hubs  on  lines  18-29*  Group  selection  in  which  data  from  one 
field  on  the  card  Is  ordinarily  put  in  one  group  of  storage  relays  but  in  another 
group  when  grov^  selection  takes  place  Is  specified  by  plugging  the  No.  2  brush 
hubs  for  the  card  field  to  the  C  hubs  and  the  A  hubs  of  the  group  selection  re¬ 
lays  to  the  usuil  storage  relay  hubs  and  the  B  hubs  to  the  hubs  of  the  storage 
relays  used  when  group  selection  takes  place. 

^Master  information  group  is  used  to  mean  the  group  of  constant  transmitter  storage 
relays  vdiich  stores  Information  from  a  master  card,  releasing  it  only  when  a  new 
master  card  is  recognised. 
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PX-11-305  R2  illustrates  plugging  for  both  types  of  group  selection  if 
the  polarity  sviiteh  is  in  the  normal  position.  It  is  to  be  noted,  incidentally, 
that  group  selection  for  more  than  one  group  may  be  made  to  depend  on  the  appear¬ 
ance  of  a  given  punch  in  the  control  column.  For  example,  if  group  selection  for 
groups  12  and  13  were  desired  on  the  presence  of  a  6  punch,  this  could  be  specified 
by  making  connection  k  as  shown  on  PX-11-305  R2  and,  in  addition,  cross  connecting 
the  other  group  selection  hub  13  to  either  of  the  group  selection  hubs  numbered  12, 
With  the  polarity  switch  in  the  abnormal  position,  control  is  indicated 
by  a  specific  punch  and  the  different  forms  of  control  by  the  various  columns  in 
which  the  specific  punch  occurs.  The  particular  punch  is  designated  by  plugging 
from  one  of  the  C  hubs  to  the  digit  selector  hub  corresponding  to  that  punch. 

The  fact  that  reset  control  is  to  take  place  because  this  special  punch  occurs 
in  a  given  column  of  the  card  is  indicated  by  connecting  the  RC  hub  to  the  No.l 
read  brush  corresponding  to  that  coliain,  A.  connection  from  a  group  selection  hub 
to  a  read  brush  hub  Indicates  that  group  selection  is  to  take  place  when  the 
particular  punch  appears  in  the  column  corresponding  to  the  No,  1  read  brush  hub. 
PX-ll-305  R3  shows  a  plug  board  arrangement  for  programming  instructions  when  the 
polarity  switch  is  in  the  abnormal  position, 

The  NoJ2  road  brush  hubs  associated  with  card  fields  used  for  positive 
numbers  only  may  be  plugged  to  the  storage  relay  hubs  directly  or  through  the 
group  selection  hubs  in  any  manner  desired.  Card  fields  which  at  some  time  carry 
negative  numbers  require  special  minus  control  wiring  of  the  plug  board  so  that 
minus  sign  indication  can  be  delivered  to  the  FM'  and  PM”  relays  in  the  constant 
transmitter  and  so  that  the  digital  information  appearing  in  the  same  column  can 
be  delivered  to  the  proper  storage  relays. 

Minus  control  plugging  consists  of  connecting  the  Ifo,2 read  brush  hub 
associated  with  the  column  in  ivhich  the  minus  punch  aj^pears  to  all  the  minus 
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control  hubs  havin?  the  sane  nucibers  as  the  r^rcups  of  storage  relays  in  which 
the  information  from  that  card  field  is  stored  and  then  connecting  from  these 
minus  control  hubs  to  the  storage  relay  hub  corresponding  to  the  storage  position 
of  the  numerical  data  in  the  coluina  containing  the  minus  punch,  The'  No, 2  read 
brush  hubs  for  the  columns  of  the  same  field  which  do  not  carry  a  minus  punch 
are  plugged  directly  to  the  appropriate  storage  relays. 

Where  group  selection  intervenes  between  the  No.2  read  brushes  and  the 
storage  relays,  in  the  "C  to  No. 2  read  brushes  -  A  and  B  to  storage  relay"  type 
of  group  selection,  minus  control  plugging  is  conveniently  done  from  Mo,  2  road 
brush  to  minus  control  hub  (or  hubs)  to  C  group  selection  hub  and  then  from  A  or 

B  hub  to  storage  relay  hub.  In  the  "C  to  storage  relay  -  A  and  B  to  Nci2  read  brush" 

type  of  group  selection,  minus  control  plugging  may  be  carried  out  from  C  hub  to 
minus  control  hub  (or  hubs)  and  then  to  storage  relay  hub.  An  illustrative  plug 
board  arrangement  for  minus  control  plugging  is  shown  on  PX-11-305 

8,3.  PROGRAMING  CIRCUITS  OF  THE  READER  (Refer  to  PX-1L*119  and  PX-U-309) 

The  programming  circuits  of  the  reader  consist  of  the  reset  control, 

group  selection,  reset  signal,  and  finish  signa.1  circuits.  The  discussion  for 

the  first  2  circuits  will  bo  made  with  the  assumption  that  the  polarity  switch 
is  in  the  normal  position  and  that  the  plug  board  is  wired  accordingly, 

8.3.1,  Reset  Control  Circuits 

InfoiTiation  remains  stored  in  the  16  groups  of  storage  relays  in  the 
constant  transmitter  by  virtue  of  the  signals  delivered  over  lines  81-96  when  the 
corresponding  contacts  on  the  storage  holding  relays  4-6  are  closed.  Relays  4-6 
are  activated  during  period  11,0  through  13,7  while  cam  P2  makes  contact,  iVhen 
P2  breaks  at  13.7,  contacts  on  all  the  storage  holding  relays  release  so  that 
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at  this  tine  information  is  always  dropped  out  of  all  storage  relay  groups  for 
which  a  shunt  connection  has  not  been  made  from  reset  control  hubs  to  reset 
shunt  hubs  on  tJie  plug  board.  The  contacts  on  all  the  reset  shunt  relays  5^58 
remain  closed  and  thus  cause  the  retention  of  information  in  the  storage  relay 
groups  which  they  control  by  reason  of  plug  board  wiring.  The  contacts  on  relays 
56-58  release  to  allow  information  in  these  storage  relay  groups  to  be  dropped  out 
only  when  relays  56-58  are  activated. 

When  a  master  card  is  read  relays  56-58  are  activated  through  the  inter¬ 
action  of  the  control  brushes,  the  emitter,  and  reset  control  relay  23,  The 
emitter  has  a  moving  am  which  makes  contact  with  the  12  digit  selector  hubs  in 
synchronism  with  the  reading  of  the  conre spending  punches  on  the  card. 

In  reset  control  plugging,  it  is  to  be  recalled,  a  connection  is  made 
between  a  control  brush  hub  and  the  C  hub  which  is  internally  connected  to  the 
pick  up  coil  of  R23  and  to  the  RC  hub  and  also  between  the  RC  hub  and  a  digit 
selector  hub  which  is  internally  connected  to  the  emitter.  The  signal  on  this 
line  when  the  reset  control  punch  is  read  causes  the  pick  up  coil  of  R23  to  be 
picked  up.  The  hold  coil  of  R23  holds  until  cam  P5  breaks  contact  at  time  13,7* 
While  R23  is  activated,^  contact  B  of  this  relay  is  closed  so  that  relays  56-58 
pick  up  when  can  P8  makes  contact  at  time  8,  These  relays  hold  until  cam  P9 
breaks  at  12.5,  Thus,  in  the  period  that  relays  56-58  are  activated  the  contacts 
on  these  relays  used  for  reset  shunting  are  open  so  that  information  is  dropped 
out  of  the  storage  relays  holding  ulster  information  as  well  as  out  of  the  detail 
infomation  groups.  The  timing  of  the  events  discussed  above  is  shown  on  PX-11-306, 
The  fact  that  relay  ^7  is  activated  when  reset  control  takes  place  also 
has  repercussions  on  the  reset  and  finish  signal  circuits  which  will  be  discussed 
in  Section  8,3.3. 
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From  the  time  that  Ri  is  pulsed  for  the  reading  of  card  i  +  1  until 
13,7  in  the  cycle  for  card  i  +  1  when  data  from  card  i  is  dropped  out,  the  con¬ 
stant  transmitter  may  be  called  on  to  transmit  data  from  card  i.  This  period 
can  safely  be  taken  as  50  addition  times. 

8,3.2,  Group  Selection  Circuits 

There  are  two  sets  of  group  selector  relays,  7-22  and  24-55.  Each  of 
relays  7-22  controls  a  pair  consisting  of  an  oven  and  the  immediately  succeeding 
odd  numbered  relay  of  the  collection  24-55.  Three  contacts  of  each  even  numbered 
relay  and  two  of  each  odd  numbered  relay  of  the  collection  24-55  are  used  to  pro¬ 
duce  a  circuit  between  the  B  and  C  hubs  (instead  of  between  the  A  and  C  hubs)  of 
a  five  digit  group  when  one  of  the  relays  7—22  and,  thus,  a  pair  of  the  relays 
24-55  is  activated. 

Group  selection  plugging  from  a  control  bi\ish  hub  to  a  C  hub  which  is 
internally  connected  to  the  pick-up  coils  of  relays  7-22  each  of  which,  in  turn, 
is  connected  internally  to  one  of  the  group  selector  hubs  (I-I6)  and,  thence,  by 
plug  board  connection  to  a  digit  selector  hub  and  finally  to  the  emitter  allows 
the  signal  which  occurs  when  a  group  selection  punch  is  read  to  pick  up  the 
appropriate  relay  of  the  assemblage  7-22,  Once  picked  up,  such  a  relay  (or  relays) 
holds  until  cam  P5  breaks  contact  at  13,7.  Yfliile  one  of  the  relays  7-22  is 
activated  the  corresponding  pair  of  relays  of  the  24-55  collection  is  activated 
through  the  B  contact  of  its  controlling  relay  when  cam  P6  makes  contact  at  time 
9,7,  This  pair  of  relays  then  holds  until  time  9.5  (udien  cam  P7  breaks  contact) 
of  the  reading  cycle  following  the  one  in  which  the  group  selection  punch  is 
recognized.  Thus,  in  the  numerical  reading  cycle  of  a  card  for  which  group 
selection  takes  place,  the  circuit  between  read  brushes  for  groups  effected  by 
group  selection  and  storage  relays  is  by  the  B-C  route  instead  of  the  A-C  route. 
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The  timing  of  tho  events  described  above  is  shown  on  PX-11-308  where  it  is  assumed 
that  group  selection  is  stimulated  by  some  punch  on  master  card  m, 

8,3.3.  Reset  and  Finish  Signal  Circuits 

Provided  that  relay  60  is  activated  and  relay  59  is  not^a  reset  signal 
is  emitted  via  line  129  during  the  period  12,0  -  12,5  when  cam  Pi*  makes^  and  a 
finish  signal  is  emitted  via  lino  127  during  the  period  9.5  -  13  when  cam  P3 
makes. 


Kelay  59  la,  activated  when  cam  PI  makes  (13.1  -  14,9)  through  contact 
R-57  AU  provided  that  relay  57  has  been  activated;  R59  holds  until  13.0  when 
cam  PlO  breaks.  Now,  in  Section  8,3.1,  it  was  pointed  out  that  relay  57  is 
activated  during  the  period  8,0  -  12,5  which  is  the  end  of  the  control  reading 
cycle  and  the  beginning  of  the  numerical  cycle  for  a  master  card.  Thus,  when 
cam  P4  makes  during  12.0  -  12,5  and  a  master  card  is  entering  its  numerical  cycle, 
no  reset  signal  is  emitted.  Recalling  the  discussion  in  Section  8,1,  concerning 
the  reader  program  controls  in  the  initiating  unit,  one  can  see  that  since  the 
start  flip-flop  is  not  reset,  the  start  relay  remains  activated  (until  a  reset 
signal  is  emitted  during  12,0  -  12,5  In  the  next  reading  cycle)  and  that  the 
reader,  therefore,  proceeds  with  a  cycle  following  the  one  in  which  numerical 
data  is  read  from  the  master  card  before  it  stops. 

Similarly,  since  relay  59  remains  activated  thro\agh  time  13,0  of  the 
numerical  reading  cycle  for  a  master  card,  no  finish  signal  is  emitted  and  there¬ 
fore  no  program  output  pulse  can  be  emitted  through  Ro  on  tho  initiating  unit 
until  the  reader  has  gone  through  a  numerical  reading  cycle  for  the  detail  card 
following  the  master  card. 

The  timing  of  the  e.ctivation  of  the  various  elements  involved  in  pro¬ 
ducing  reset  and  finish  signals  when  a  sequence  consisting  of  detail-<iiaster-detail 
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cards  is  read  is  shovm  on  PX-11-308, 

Relay  60  is  not  activated  when  there  is  not  a  card  in  position  to  move 
under  continuous  roll  No,  2  (i.e,  when  CR  No,  2,  CLC  No,  1  is  open).  This  cir¬ 
cumstance  can  arise  when  a  card  jams  in  passing  under  continuous  roll  Nctl,when 
the  reader  is  started  (from  rest)  by  pushing  the  reader  start  button  or  by  the 
reception  of  a  pulse  at  Hi  and  then  depressing  the  initial  start  key  (see  Section 
8.1.3,)^  or  when  the  last  card  of  a  deck  is  passing  under  continuous  roll  No,  2, 

The  previous  discussion  may  be  summarized  as  follows;  In  general,  when 
a  detail  card  passes  under  continuous  roll  uo,  2,  the  reader  emits  a  reset  signal 
during  the  period  12,0  -  12,5  of  the  cycle  or  when  the  card  reading  cycle  is 
about  l/7th  completed.  This  signal  resets  the  st.art  flip-flop  so  that  subsequent 
to  the  reset  signal,  this  flip-flop  is  capable  of  noting  the  reception  of  a  pro¬ 
gram  pulse  by  Ri,  With  a  safety  factor  included,  about  750  addition  times  should 
be  allowed  from  the  time  that  Ri  is  stimulated  until  it  is  stimulated  again  if  all 
cards  ir  a  deck  are  detail  cards.  Also,  a  finish  signal  is  emitted  at  the  end  of 
every  cycle  in  which  a  detedl  card  is  scanned  by  the  read  brushes.  Thus,  about 
2500  addition  times  elapse  between  the  time  when  a  detail  card  reading  cycle 
commences  and  a  program  output  pulse  is  emitted  (provided  that  an  interlock  pulse 
has  been  received). 

No  reset  or  finish  signals  are  emitted  in  the  numerical  cycle  for  a 
master  card.  These  signals  are,  however,  emitted  during  the  numerical  cycle  for 
the  detail  card  following  a  master  card.  When  decks  containing  both  master  and 
detail  cards  are  used,  approximately  3200  addition  times  may  elapse  between  the 
reception  of  a  program  input  pulse  at  Ri  and  the  resetting  of  the  start  flip- 
flop  and  a  program  output  pulse  nay  not  bo  emitted  until  about  4400  addition  times 
(as  many  as  2500  addition  times  for  the  reading  of  the  master  card  and  about  1900 
for  the  detail  card)  after  reading  is  stimulated. 
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No  reset  or  finish  signals  are  emitted  if  a  card  jams  in  passing  under 
continuous  roll  Noj  land  no  finish  si^al  is  omitted  for  the  last  card  of  a  deck. 

S,U.  NUMERICAL  CIRCUITS  OF  THE  RE/J)ER 

The  circuits  in  the  reader  which  are  used  for  numerical  purposes  are: 

1)  coding  cams  CB1-CB3  which  emit  signals  to  activate  the  coding 
relays  in  the  constant  transmitter  via  lines  115-122  (see 
PX-11-119) 

2)  coding  cam  CB9  which  activates  the  constant  transmitter's  FM 
isolating  relays  by  means  of  a  signal  carried  on  line  114 

3)  the  read  brushes  which,  by  means  of  plug  board  wiring  to  the 
storage  relay  hubs,  remit  numerical  indication  signals  over 
lines  1-80  to  contacts  on  the  coding  relays  and  thence  to  the 
storage  relays  and  which,  by  means  of  plug  board  wiring  to  the 
minus  control  hubs,  remit  minus  indication  signals  over  lines 
97-112  to  the  FM’  and  M"  relays  in  the  constant  transmitter. 

These  circuits  will  be  discussed  in  greater  detail  in  Section  8,6, 
NUME31ICAL  CIRCUITS  OF  THE  CONSTANT  TRAIJSMITTER, 

8,5.  HIOGRAM  CONTROLS  AND  PROCa^AMMING  CIRCUITS  OF  THE  CONSTiJJT  TRANSMITTER 

The  30  program  controls  (see  PDC-11-307  and  11-302)  of  the  constant  trans¬ 
mitter,  each  consisting  of  a  transceiver,  program  pulse  input  and  output  terminals, 
and  a  constant  selector  switch,  are  subdivided  into  5  groups  of  6  program  controls 
each.  Croups  1  through  5  respectively  consist  of  the  following  program  controls 
1-6,  7-12,  13-18,  19-25,  and  25-30.  The  30  transceiver  neons  associated  with  the 
program  controls  are  shown  on  PX-11-306, 
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Each  constant  selector  switch  of  a  group  of  6  is  connected  in  parallel 

with  the  other  5  switches  of  the  group  to  the  programming  circuits  which  sleet 

for  transnisaion  a  signed  5  or  10  digit  number  from  among  the  U  signs  and  20  digits 

controlled  by  that  group.  For  exarqjle,  any  of  the  first  six  switches  can  be  used 

to  select  for  transmission  either  of  the  signed  ten  digit  numbers  A  or  B  or 

lii  lil 

one  of  the  A  signed  five  digit  numbers,  k^,  Ajj,  or  B^.  However,  because  of 
the  way  these  six  switches  are  connected  in  parallel,  it  is  not  possible  to  elect 
the  transmission  of  a  signed  5  digit  L  or  R  group  on  one  switch  and  the  trans¬ 
mission  of  the  signed  10  digit  LR  group  having  the  same  letter  on  another  switch. 
For  each  5  digit  group  (whether  read  from  cards  or  set  up  manually) 
there  are  20  constant  selector  gates  (4  gates  per  digit).  For  the  first  5  digits 
in  the  storage  relays,  for  example,  these  gates  are  numbered  B*  -  L'  1  and  B*  - 
L'  21  (see  PX-11-307).  These  gates  emit  a  signal  on  the  coincidence  of  a  signal 
from  a  constant  selector  switch  and  the  activation  of  the  storage  relay  to  which 
the  constant  selector  gate  is  connected  or  on  the  coincidence  of  a  signal  from 
a  constant  selector  switch  and  a  signal  from  one  of  the  constant  switches. 

also  associated  with  each  5  digit  card  group  is  a  minus  selector  gate 
and  a  cranplenent  correction  selector  gate.  Each  5  digit  group  that  can  be  set 
up  on  the  switches  located  on  panel  2  of  the  constant  transmitter  has  a  minus 
selector  gate  but  not  a  complement  correction  selector  gate. 

These  gates  emit  signals  on  the  coincidence  of  a  signal  from  a  constant 


selector  switch  and  a  signal  from  either  a  minus  setting  on  a  Pli  set  switch  or 
from  an  activated  PM'  or  PM"  relay.  The  minus  selector  gates  control  the  putting 
in  of  the  9P  for  sign  Indication  when  a  negative  number  is  transmitted  and  the 
ccvaplement  correction  selector  gates  control  the  putting  in  of  the  I'P  needed 
to  make  a  tens  complement  when  a  number  punched  on  a  card  as  a  negative  number 


TABLE  8-3 


GATES  CONTROLLED  Bt  POINTS  ON  FIRST  6  CONSTANT  SELECTCH  SWITCHES, 


A‘l 

(2nd  input  from 
PU  relay  for 
~oud)  ^ 


A‘41 

(2nd  Input  from 
PM  relay  for  A|^ 
group) 


A'2 


A' 22 


CCS 


R  U  S 


FUNCTION  OP 
GATE 


B'  -  L'  1 


constant  selection 
for  group 


L'  21 

(2nd  Inputs  froi 
storage  relays) 


L*  a 
L»  61 


B'  -  L»  2 
B*  -  L»  22 


B»  -  L*  62 
B‘  -  L'  62 


B'  -  L'  2 
B'  -  L«  22 


B'  -  L‘  62 
B'  -  L'  62 


A»  62 


constant  selection 
for  group  Ajj 


R  C  C  S 


constant  selection 
for  group  Aj^ 


consteuit  selection 
for  group 


constant  selection 
for  group  Bj^ 


constant  selection 
for  group  B|^ 


constant  selection 
for  group  Bl 


constant  selection 
for  group  Bj^ 


R  C  C  S 
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is  eniittod  frora  the  constant  transmitter.  Negative  nunbers  are  set  up  as  tens 
coraplenor.ts  on  the  sYiitches  of  panel  2  so  that  no  coinpleniont  correction  selector 
gates  had  to  be  provided  for  those  groups, 

associated  with  the  five-digit  groups  having  subscript  L  are  left  minus 

selector  (LfvfS)  and,  in  the  case  of  card  groups,  loft  complement  correction  selector 

(LOGS)  gates j  whdle  the  groups  with  subscript  R  have  right  minus  selector  (RtiS) 
and  right  conplement  correction  selector  (rcCS)  gates.  The  10  digit  Ul  groups 
have  lilS  gates  and  RCCS  gates.  The  lilS  gates  control  the  passing  of  the  9P  to 

only  the  M  lead;  the  RIJS  gates,  to  the  PM  lead  and  5  left  hand  places  as  well. 

The  LCCS  gates  or  RCCS  gates  respectively  control  the  putting  in  of  the  I'P  in 
the  5th  or  lOth  decade  place  from,  the  left. 

When  a  constant  transmitter  program  control  is  stimulated,  signals  from 
the  2  decks  of  the  control's  constant  selector  switch  are  delivered  to  the 
appropriate  constant,  minus,  and  complement  correction  selector  gates.  Tabic  8-3 
illustrates  how  the  points  on  the  first  6  constant  selector  switches  are  con¬ 
nected  to  the  various  selector  gates.  The  question  of  how  the  selector  gates 
affect  the  digit  pulses  emitted  from  the  digit  output  terminal  will  be  taken 
up  in  Section  8.6,2. 

The  constant  chosen  for  transmission  is  emitted  throUf»h  the  digit  out¬ 
put  terminal  on  panel  1  of  the  constant  transmitter  during  the  20  pulse  time 
peri  od  following  the  reception  of  the  program  input  pulse.  The  program 
control  used  emits  a  program  output  pulse  at  the  end  of  the  addition  time  in 
which  the  constant  is  transraitted. 

The  constant  transmitter  can  be  stimulated  to  transmit  a  constant  stored 
on  the  manual  set  switches  at  any  time  in  the  course  C'f  a  computation.  Constants 
read  from  a  given  card  can  be  called  for  any  time  in  the  period  between  the  pro- 


Till  -  29 


gram  output  pulse  emitted  by  the  reader  when  that  caord  is  read  and  $0  addition 
times  after  the  leader  is  stimulated  to  read  the  succeeding  card  (see  Section  8.3*1). 

In  general,  only  one  program  control  on  the  constant  transmitter  can  be 
stimulated  in  a  given  addition  time.  Circumstances  may,  however,  arise  in  which 
the  operator  would  desire  to  stimulate- two  program  controls  simultaneously. 

Consider,  for  example,  a  set-up  in  which  the  following  rather  particular¬ 
ized  conditions  are  found: 

1)  accumulator  program  controls  are  nearly  exhausted 

2)  5  digit  numbers  are  used 

3)  both  arguments  for  a  multiplication  program  are  derived  from  the 
constant  transmitter. 

If  the  normal  method  of  using  the  constant  transmitter  were  used,  both  the  ier 
and  icand  for  the  multiplication  could  not  be  transmitted  simultaneously  from 
the  constant  transmitter  and  received  in  the  argument  accumxilators  by  moans  of 
the  semi -permanent  programnlng  connections  (Ro-Re  and  Da-De).  Therefore,  an 
additional  program  control  on  one  of  the  argument  accumulators  would  have  to  be 
e;q}ended.  Under  certain  specialized  conditions  which  do  not  conflict  with  the 
way  in  which  the  leads  of  the  digit  output  terminals  are  used  (see  Section  8.6,2.!), 
two  constant  transmitter  program  controls  can  be  stimulated  simultaneously  pro¬ 
vided  that  a  total  of  no  more  than  10  digits  and  a  iU  are  called  for. 

Another  special  case  which  can  arise  is  that  the  constant  transmitter' s 
program  controls  may  not  be  adequate  in  number  for  some  set-up.  Under  certain 
circumstances  (see  Section  8, 6, 2.1.)  the  lit  setting  of  a  constant  selector  switch 

makes  it  possible  to  obtain  2  five  digit  constants  at  the  ejqpensc  of  only  one  pro- 
* 

gram  control.  This  procedure,  however,  must  never  be  used  if  at  any  other  time  in 

^Another  way  to  circumvent  a  shortage  of  constant  transmitter  program  controls  is, 
of  course,  to  make  use  of  the  master  prograrDmer. 
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the  computation  the  L  or  R  group  identified  by  the  same  letter  A,  B,  K  is 
called  for  separately  as  mentioned  earlier  in  this  section, 

8.6.  numerical  CIRCUI'.’S  of  the  constant  TRANSiIITTER 

8.6,1.  Storing  Information  from  Cards  in  the  Constant  Transmitter 

Digital  information  is  stored  in  five-digit  blocl^each  using  3  groups 
consisting  of  U  storage  relays  each.  Indication  for  each  5  -  digit  block  is 
stored  in  the  associated  PM'  and  PM"  relays.  Each  storage  relay  bears  the 
designation  i-j  where  i  identifies  the  particular  one  of  80  digits  and^  where  j 
has  the  value  1,  2,  2'  or  U  of  the  pulse  code  in  which  the  digits  are  transmitted 
from  the  constant  transmitter.  The  digits  reivd  fraa  a  card  are  coded  in  the  1,  2, 

2» ,  U  code  by  means  of  coding  cans  in  the  reader  and  the  FM,  isolating  PM'  and  PM", 
and  coding  relays  in  the  constant  transmitter  before  being  put  in  storage. 

The  pick  up  coils  of  the  6  FM  isolating  relays  are  connected  via  line 
114  to  coding  can  CB9  which  makes  contact  while  FM  pimches  are  read  (see  PX-11-307)* 
The  FM'  and  PM"  relays  for  each  5-digi6  block  are  connected  through  a  contact  on 
one  of  the  FM  isolating  relays  (labelled  R  on  the  schematic  diagram  shown  on 
PX-11-116)  to  the  line  (97-112)  which  carries  the  minus  indication  signal  for 
that  block  of  digits.  If  a  minus  punch  is  read  for  the  group,  the  PM'  and  M" 
pick  up  and  hold  until  information  is  dropped  out  when  a  new  card  is  read  or  when 
reset  control  takes  place.  Since  the  isolating  relay  contact  is  closed  only  during 
the  period  14.5  -  11«5,  digit  information  punched  in  the  same  column  as  aminuspmeh 
cannot  activate  the  PM'  and  PM"  relays. 

The  pair  of  FW  relays  serves  not  only  to  remember  sign  indication,  but 
also  aids  in  converting  true  negative  numbers  on  the  cards  to  nines  complements. 
When  the  PM  relays  are  activated  by  a  minus  punch,  the  coding  relays  (0,-0^)  used 
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for  a  five  digit  block  are  comected  to  the  odd  nvunbered  coding  cams.  Otherwise 
the  coding  relays  are  connected  to  the  even  numbered  coding  cans. 

Each  of  the  4  coding  cans  C61,  CB3»  CB5|  and  CB?  or  CB2,  CB4>  CB6,  and 
CB8  is  connected  through  contacts  on  the  PU'  and  relays  to  the  pick  up  coils 

of  a  pair  of  coding  relays  (one  even  numbered  aind  ono  odd  numbered  relay).  Various 
combinations  of  the  coding  cams  make  contact  as  the  different  digit  punches  arc 
read  by  the  read  brushes  (see  the  coding  cam  time  table  and  Table  8-^),  When  a 
coding  cam  makes  contact  it  activates  the  pair  of  coding  relays  to  which  it  is 
connected.  The  coding  relay  picks  up  and  holds  as  long  as  the  associated  coding 
cam  makes  contact, 

A  signal  for  a  punch  appearing  in  one  of  the  first  3  places  of  a  5-digit 
block  is  delivered  to  one  contact  on  each  of  the  odd  numbered  coding  relays  and  a 
signal  for  either  of  the  2  remaining  places  of  the  block  to  a  contact  on  the  even 
numbered  coding  relays.  Only  the  contacts  on  relays  activated  at  the  particular 
time  when  the  punch  is  read  are  closed  so  as  to  allow  the  punch  signals  to  reach 
the  storage  relays, 

A  signal  carried  on  the  i  lead  (i“l,  2,  80)  and  passing  through  a 

contact  on  coding  relay  C  or  C  sets  up  the  i-1  storage  relays;  a  signal  through 

1  2 

a  contact  on  coding  relays  C  or  C  ,  the  i-2  relays;  a  signal  through  a  contact 

4 

on  Cg  or  C^,  the  i-2'  relay;  and  a  signal  tJurough  a  contact  on  or  the  i-4 
relay.  Table  8-4  shows  which  coding  cans  are  energized  &s  the  different  punches 
are  read,  the  coding  relays  that  are  activated  as  a  result,  and  the  storage  relays 
which  are  set  up  when  a  given  line  is  passing  over  the  read  brushes  if  such  a 
punch  appears  in  a  column  of  the  card.  The  hold  contacts  on  the  storage  relays 
for  groups  A^  through  are  connected  to  lines  81-96  respectively  so  that,  once 
set  up,  these  relays  hold  until  a  new  card  is  read  or  until  reset  control  takes 
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R 

IR 

0  or  9  sign  pulses 

0  or  9  sign  pulses 

0  or  9  sign  pulses 

digit  ptilses 

0  or  9  sign  pvilses 

digit  pulses 

0  or  9  sign  pulses 

digit  pulses 

0  or  9  sign  pulses 

digit  pulses 

0  or  9  sign. pulse a 

digit  pulses 

digit  pulses 

digit  pulses 

digit  pulses 

digit  pulses 

digit  pulses 
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digit  pulses 

digit  pulses 

digit  pulses  and  I'P 
for  negative  R  group 

digit  pulses  and  I'P 
for  negative  LR  group 
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place , 

8,6.2,  Transpitting  Inf urination  from  the  Constant  Transmitter 

In  general,  only  one  signed  10  digit  or  signed  5  digit  number  can  be 
transmitted  from  the  constant  transmitter  in  an  addition  tine.  The  digit  output 
terminal  on  panel  1  of  the  constant  transmitter  has  10  digit  leads  and  a  HI  lead. 
Each  of  the  10  digit  leads  is  fed  by  U  coding  gates,  the  1,  2,  2',  and  4P  gates. 
The  digit  leads  for  the  fifth  and  tenth  decade  places  from  the  left  can  also  re¬ 
ceive  pulses  from  a  gate  which  passes  the  I'P,  The  FM  load  and  the  digit  leads 
for  the  first  five  decade  places  from  the  left  are  connected  to  gates  which  pass 
the  9P  (see  PX-II-307  and  Table  8-5). 

8. 6, 2,1,  Constants  read  from  a  card 

The  1,  2,  2*  and  4P  gates  for  the  first  decade  place  from  the  left  are 
controlled  by  the  U  constant  selector  gates  which  receive  one  input  from  the  1,  2, 
2’  and  4  storage  relays  for  the  first  digit  of  the  L  grouft  and  the  2nd  input  from 
an  L  or  lH  point  on  a  constant  selector  switchj  the  1,  2,  2' ,  and  4  pulse  gates 
for  the  second  decade  place  from  the  left  are  controlled  by  the  constant  selector 
gates  which  receive  one  input  from  the  1,  2,  2'  and  4  storage  relays  for  the 
second  digit  of  the  L  group  and  the  2nd  input  from  an  L  or  LR  point  on  a  constant 
selector  switch,  etc. 

The  gates  which  allow  the  !•  pulse  to  pass  to  the  5th  or  10th  from  the 
left  decade  place  leads  respectively  are  controlled  by  the  left  or  right  comple¬ 
ment  correction  selector  gates .  The  gates,  which  allow  the  9P  to  pass  to  the  FM 
V-!  ’.d  or  to  the  FM  lead  and  the  first  5  decade  place  loads  from,  the  left,  are  con¬ 
trolled  respectively  by  the  left  or  right  r.iinus  selector  gates. 

When  a  constant  transmitter  program  control  is  stimulated,  the  selector 
gates  chosen  by  the  setting  of  the  constant  selector  switch  (see  Table  8-3)  emit  a 
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signal  if  their  corresponding  relays  hrive  been  activated.  The  signals  thus  emitted 
open  the  gates  controlled  by  such  selector  gates  and  allow  appropriate  numbers  of 
pulses  to  be  transmitted  over  the  11  leads  of  the  digit  output  terminal.  The  leads 
of  the  digit  output  terminal  transmit  information  as  shown  in  Table  8-5. 

In  Section  8,5,  the  statement  was  made  that  two  constant  transmitter 
program  controls  could  bo  simultaneously  stimulated  or  2  five  digit  constants 
could  be  transmitted  simultaneously  provided  that  no  logical  conflict  existed  in 
the  demands  thus  put  on  the  leads  of  the  digit  output  terminals. 

Consideration  of  Tables  8-3  and  8-5  shows  the  eases  in  which  the  siiiiul- 
taneous  stimulation  of  two  program  controls  is  possible.  Certain  possible  cases 
are  tabulated  in  Table  8-6  (cases  not  shown  can  be  argued  similarly).  The  illus¬ 
trations  of  Table  8-6  involve  groins  A  and  B  but  ar^  other  pair  of  groups  (with 
both  not  necessarily  being  controlled  by  the  same  group  of  6  constant  selector 
switches)  can  be  treated  in  the  same  way. 

Similarly,  it  can  be  seen  that  a  5  digit  L  and  a  five  digit  R  subgroup 
of  the  same  ten  digit  group  can  be  called  for  simultaneously  by  the  stimulation  of 
one  constant  transmitter  program  control  set  up  for  Ul  transmission  when; 

1)  Both  subgroups  are  always  positive 

2)  The  left  subgroup  is  always  positive  and  the  right  subgroup  always 
negative  provided  that  the  sign  of  the  right  subgroup  is  corrected 
at  the  receiving  accumulator.  This  involves  picking  up  the  I'P 
in  units  decade  of  some  accumulator  and  then  transmitting  it  to 
tin;  ?It  d'icado  of  the  accumulator  which  receives  the  R  group, 

3)  Boih  .subgroups  always  negative  provided  that  the  1*P  needed  for 
a  tens  complcmorit  is  provided  at  the  accumulator  vddeh  receives  the 
left  subgroup. 


i 
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8«6.2,2«  Constants  set  up  on  set  switches 

The  transmission  of  the  J  and  K  groups  of  constants  is  similar  to  that 
for  group A-H  except  that  there  are  no  complement  correction  selector  gates  for 
these  constants  and  the  other  selector  gates  receive  one  input  from  the  set  switches 
instead  of  from  storage  relays. 

Notice  that  since  no  provision  has  been  made  for  converting  negative 
numbers  into  complements  in  the  case  of  the  J  and  K  groups,  negative  numbers  must 
be  set  UP  on  these  switches  as  complements  and,  since  no  complement  correction  gates 
have  been  provided  for  these  groups,  tens  complements  must  be  set  up. 

8.7.  ILUJSTRATIVE  PROBLEM 

A  problem  illustrating  the  use  of  both  the  reader  and  constant  trans¬ 
mitter  is  discussed  in  this  section. 

In  set-up  tables,  the  symbol  ^7*^  is  written  on  the  line  corresponding 
to  the  first  addition  time  of  a  reading  program.  For  example,  a  reading  program 
which  is  stimulated  by  the  program  pulse  2-3  emitted  at  the  end  of  additicm  time 
6  is  written  on  the  line  for  additL^n  time  7«  Similarly  used  to  indicate 

the  reader  interlock  pulse.  The  symbol  designates  the  program  output  pulse 

which  the  reader  emits  and  is  written  on  the  line  corresponding  to  the  addition 
time  in  which  reading  is  coiqjleted.  On  set-up  diagrams  Ri,  Bl,  and  Ro  have  been 
drawn  in  the  same  relative  position  as  they  appear  on,PX-9-302«  The  reader  start 
button  is  circled  ^c.r  a  computation  initiated  by  it. 

The  instructions  for  the  constant  transmitter  are  given  in  a  double 
column  on  set-up  tables.  The  left  half  shows  the  program  input  pulse  and  program 
control  number  on  the  first  level,  the  setting  of  the  constant  selector  switch  on 
the  second  level,  and  the  program  output  pulse  on  the  third  level.  In  the  right 
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hand  half  the  constant  transmitted  is  specified.  The  symbols  are  written  on  the 
line  for  the  addition  time  in  which  the  constant  is  transmitted. 

The  set-up  diagram  conventions  for  the  constant  transmitter  are  shown 
on  Figure  8-1, 

The  master  programmer  is  also  used  in  the  illustrative  problem  of  this 
sectlan.  In  most  cases,  the  symbols  used  are  e^lained  where  they  appear.  For 
further  details  see  Chapter  X. 

The  illustrative  problem  of  this  section  ccmsists  of  forming  the  six 

quantities  through  each  of  which  is  the  sum  of  the  10  terms  shown  on  Table 

8-7.  We  assume  that  the  are  to  be  evaluated  for  100  different  sets  of  values 

X* j  but  that  the  a.  do  not  vary  from  set  to  set.  We  assume,  also,  that  the  numbers 
^  digit 

Xj^jand  Aj^  are  Jyyiumbers  between  0,1  and  1,0  and,  further,  that  the  numbers  Xjj|. 
are  non-negative  for  all  sets. 

The  numbers  a  a^,  a^,  anda^  will  be  stored  on  the  constant  set 

switches.  The  numbers  x.  .  and  ai  are  to  be  introduced  into  the  ENIAC  by  means 

of  punched  cards.  The  subject  of  storing  these  numbers  will  be  treated  in  more 

detail  presently.  At  this  point,  however,  we  wish  to  describe  the  routine  which 

will  be  used  to  form  the  numbers  Nk. 

Table  8-8  presents  a  sequence  of  multiplication  programs  which  could  bo 

used  to  find  the  one  term  for  each  of  the  numbers  N,  ,  From  one  value  of  t  to 

k 

another,  the  most  striking  change  in  the  computations  consists  of  using  different 
sets  of  the  x^^.  One  distinction  between  the  computations  for  t  ■  1  through  5  and 
those  for  t  «  6  through  10  consists  of  the  fact  that  in  the  former  the  are  re¬ 
quired  in  ascending  order  of  subscript  and  in  the  latter,  in  descending  order  of 
subscript,  A  second  point  of  difference  is  that  in  the  first  class  we  are  interested 
in  the  terms  (4),  (5),  (8),  (11),  (14)»  and  (17)  and  in  the  second  class,  in  t4ie 
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nugatives  of  themj  The  operations  of  forming  terms  (1)  through  (17)  vdll  be 
referred  to  as  the  multiplication  sequence*  In  order  to  provide  for  the  differences 
noted  above  this  sequence  will  be  modified  as  multiplication  sequence  A  or  B  for 
t  s  1  through  5  or  t  =  6  through  10  respectively.  The  quantities  through  N.j 
will  be  found  by  repeating  oach  of  the  modifications  of  the  multiplication  sequence 
5  tiraes. 


Now  we  return  to  the  matter  of  storing  the  numbers  and  a^.  In  all, 
26  numbers  are  to  be  introduced  from  punched  cards.  Since,  only  16  five  digit 
constants  can  be  obtained  in  one  card  reading,  at  least  2  readings  are  required 
for  each  system  of  equations.  Since,  furthermore,  the  constants  arc  needed  re¬ 
peatedly  in  different  combinations,  either  they  must  be  read  repeatedly  from  cards 

or 

on  which  they  occur  in  different  coEiblnationS|^at  least  10  of  them  must  be  read 
from  1  card  and  stored  in  acctmulators  to  be  available  when  the  card  containing 
the  remainder  of  them  is  read.  The  latter  course  is  adopted  here.  The  constants 
needed  to  form  the  terns  listed  in  columns  t  «*  1  and  t  =  6  (see  Table  8-7)  are 
road  from  a  card  and  transferred  to  accvuiiulators  •  Then,  confutations  start  for 
these  values  of  t  and  meanwhile  the  reader  scans  the  card  containing  the  remaining 
numbers.  As  it  turns  out,  only  8  accumulators  are  av^-ilablo  for  storing  the  10 
nximbers  read  from  the  1st  card.  Therefore,  in  oach  of  2  accumulators,  we  store 
a  pair  of  numbers,  one  in  the  5  left  hand  decades  and  the  other,  in  the  five  right 
hand  decades.  The  2  pairs  of  numbers  are  choson  from  the  Xj^^  terms,  since  it  is 
easiest  to  store  tvno  positive  numbers  in  one  accumulator. 

One  further  consideration  influences  the  jaanner  in  which  the  constants 
are  stored.  The  x^^  and  are  all  destined  to  go  to  the  multiplier  unit  and  wo 
wish  the  resulting  products  to  be  similarly  located  in  the  decades  of  the  product 


accumulator.  One  way  to  accomplish  this  is  to  align  the  numbers  similarly  in  the 
argument  accumulators,  let  us  say  at  the  extreme  loft.  This,  then,  requires  that 


TkBLE  8-9 


STORAGE  OF  CONSTANTS 


FIRST  CiiRD 


SECOND  C/iRD 


TABLE  8-10 


SET-UP  i.NALYSIS  FOR  EVaLU^.TION  OF  THE  NUMBERS  N, 

k 

INITIAL  SEQUENCE:  Read 

■K- 

1- 1  Transfer  constants  from  constant  transmitter  to  accumulators 

2- 1  Read  in  parallel  with  sequence  2,1  and  2,2 

2.1- 1  Multiplication  Sequence  k 

Form  Terms  (l)  -  (l?)  for  i  *  1 

Receive  Terms  (Z»),  (5)»  (3),  (ll),  (M)»  £und  (1?)  from  product 
accumulator' s  A  output  via  a  input  channel  of  accumulators 
14,  16,  17,  ,,,,  and  20  respectively, 

2.2- 1  Multiplication  Somence  B 

Form  terms  (l)  -  Cl?)  for  i  *  6 

Receive  terms  (4),  (5),  (8),  (ll),  (14),  &nd  (1?) 
from  product  accumulator's  S  output  via  P 
input  channel  of  accumulators  I4,  I6,  17,  and  20 

respectively, 

3- 1  Send  Interlock  Signal  to  Reader 

4- 4  Multiplication  Sequence 

4.1- 1  A  for  i  «  2,  3,  4,  5  in  turn 

4.2- 1  B  for  i  *  7,  3,  9,  10  in  turn, 

5- 1  Bead  and,  in  parallel,  print  and  then  selective  clear 


i^The  number  following  a  dash  indicates  how  many  times  the  sequence  identified  by 
the  number  preceding  the  dash  is  to  be  repeated. 
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numbers  stored  in  the  right  hand  side  of  an  accumulator  or  a  constant  transmitter 
group  be  shifted  to  the  left  upon  reception  In  an  argument  accumulator  and  that 
those  stored  at  the  left,  not  bo  shifted.'  Then,  to  make  the  cranputations  for 
all  ten  columns  precisely  alike,  all  numbers  which  are  used  in  the  same  programs 
from  one  multiplication  sequence  to  another  must  be  similarly  located  viith  regard 
to  side  left  or  right  of  storage  facility.  This  plan  calls  for  storing  for 
j  even  at  the  left  and  for  j  odd  at  the  right.  This  necessitates  moving  certain 
X.  with  odd  j  out  of  left  hand  constant  transmitter  groups  (where  they  are 

^  u 

temporarily  located  for  want  of  free  right  hand  groups)  into  right  hand  accumulator, 
grox^s  when  the  latter  become  available  because  the  numbers  they  store  at  first 
are  no  longer  needed.  Table  8-9  shows  a  plan  for  the  storage  of  constants  re¬ 
quired  in  this  eon^sutation. 

Wo  return  to  a  broad  discussion  of  the  plan  for  the  computation.  For 
each  set  of  nusibers  3^^,  one  card  containing  10  of  them  is  read.  These 
numbers  are  put  in  storage  in  accumulators.  Immediately,  computation  of  the  terms 
in  columns  t  ■  1  and  t  -  6  of  table  8-7  starts  and  the  reading  of  a  card  with  16 
more  numbers  begins.  When  the  reading  of  the  2nd  card  is  cun^ileted,  conqputation 
for  the  terms  in  the  remaining  columns  of  table  8-7  is  carried  out .  As  the  various 
terms  of  the  are  computed  they  are  emitted  from  the  product  accumulator  both 
addltively  and  subtractively.  In  multiplication  sequence  A,  these  products  emitted 
additively  are  received  in  accumulators  lA,  l6,  17,  ...,  20;  in  multiplication 
sequence  B,  the  products  emitted  subtractively  are  received  in  these  same  accumu¬ 
lators,  After  10  repetitions  of  the  multiplication  sequence,  the  6  numbers 
are  stored  in  the  accumulators  mentioned  above.  The  vadues  are  printed,  and  the 

accumulators  which  store  N  are  then  selectively  cleared.  While  printing  takes 

k 

place,  the  first  card  for  the  next  set  of  is  read.  This  plan  is  suinnariaed  in 
table  8-10. 


■lu  • 
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Figure  8-2  shows  how  the  taaln  program  sequences  are  linked  together  by 
the  master  prograomer.  Stepper  B  is  used  to  determine  whether  reading  Is  the 
first  for  a  system  of  equations  (stage  1)  or  the  second  (stage  2)*  For  the  first 
reading,  stepper  B  shifts  control  to  stepper  C  which  counts  the  nun^er  of  solutions 
and  then  .  routes  control  to  stepper  A  which  directs  the  main  sequences  of  the 
probl^t 


The  output  of  stage  1  of  stepper  A  stimulates  the  sequence  in  which 
constants  from  the  first  card  are  put  in  storage  in  accumulators.  The  output  of 
stage  2  stimulates  the  reader  and  also  goes  to  stepper  H  which  controls  the  multi¬ 
plication  sequence.  The  output  of  stage  3  provides  an  interlock  pulse  for  the 
reader.  Control  is  shifted  to  stepper  H  again  by  the  output  of  stage  A,  The 
output  of  stage  5  stimulates  the  reader  and  printer.  The  output  of  the  reader 
goes  back  to  stepper  B,  etc. 

Specific  details  for  the  set-up  of  sequence  1  are  given  in  Table  8-11. 

5 

On  the  line  for  addition  time  I-l,  the  symbol  0,0  5  in  the  contents  column  for 

accumulators  14,  16,  17,  20  which  will  store  the  N  terms  indicates  that  the 

k 

decimal  point  occurs  one  decade  place  to  the  right  of  the  m  counter  and  that  these 
accumulators  clear  to  5  in  the  6th  decade  from  the  FU  place.  During  addition  times 
4-13i  the  constants  (for  i  «  1-5) i  transferred 

from  the  constant  transmitter  to  accuntilators  1-8,  Notice  that  constant  transmitter 
program  controls  and  set  at  and  respectively  are  used  serially  for 
the  transmission  of  X22  instead  of  one  control  set  at  Ajjj  as  would  be 

possible  since  both  constants  are  positive.  The  reason  this  must  be  done  is  that 
when  the  second  card  is  read,  we  must  enter  and  Aj^  separately  for  x-|g, 

(see  Table  8-9)  which  may  or  may  not  be  positive. 


The  multiplication  sequence  of  the  problem  which  is  repeated  once  as 
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2*1|  once  as  2.2,  four  tiiaos  as  U»Xt  and  four  times  as  4*2,  is  described  with 
the  aid  of  the  folloviing  tables  and  figures: 


Table  8-8 

Computations  to  fom  Kj 

t  k 

Table  8-9 

Storage  of  Constants 

Table  8-I3 

Set-Up  Table  for  Sequence  2,1 

Table  8-I4 

Set-Up  of  Function  Tables  for  Programming  Transmission 

of  Constants 

Figure  8-2 

Master  Programmer  Links 

Figure  8-3 

Set-Up  Figure  for  Sequences  1  and  2,1 

Table  8-9  shows 

that  the  x.  _  and  a^  are  stored  either  in  left  hand 

X  iiii 

constant  transmitter  groves  or  in  the  five  left  hand  decades  of  accumulators  and 
that  the  3Cj^^2n+l  ^2n<l  stored  at  the  right.  Therefore,  to  make  the  moat 

efficient  use  of  the  high-speed  multiplier,  the  2n+l  shifted  five  places 

^  / 

I 

to  the  left  when  they  are  received  in  the  ier  or  icand  accumulators,  A  +5  shifter 
(which  shifts  numerical  data  3  places  to  the  left)  is  used  at  the  3  input  terminals 
of  the  ier  and  icand  accumulators  and  arguments  of  the  form  2n«^l  received 
over  the  3  input  channel.  Also,  because  certain  accumulators  store  2  numbers,  it 
is  necessary  to  delete  the  five  right  hand  digits  of  an  icand  received  from  a  left 
hand  grc:)Up  when  the  icand  is  of  the  fonn  2n+l*  ^  ^  ^“5  deleter  is  used  at  the 
n  input  terminal  of  the  icand  accumulator  for  this  purpose,  A  similar  deleter  is 
not  needed  at  the  ier  accumulator  since  the  high-speed  multiplier  uses  only  as  mai^ 
pi’.aces  of  the  ier  as  specified  on  the  places  switch. 

Examination  of  Table  8-fi  shows  that  the  I7  multiplications  of  the 
multiplication  sequence  fall  into  three  groups  with  characteristics  as  shown  below: 
All  17  multiplications  are  arranged  in  a  predominant  sequence  with 


TABLE  8-12 


Group 


MultipMcations 


(3),  (7),  (10), 
(13),  and  (16) 


Characteristics 


(5),  (8),  (11), 
(14)  and  (17) 


Arguments  derived  from  same  source  and  products 
received  from  product  accumulator  in  same  way 
for  all  10  repetitions 


Arguments  located  in  different  places  for  the 
various  repetitions.  Products  received  from 
product  accumulator  in  same  way  for  all  repetitions 


ler  located  in  different  places  from  repetition 
to  repetition.  Product  received  from  A  or  S  out- 
put  of  product  accumulator  on  alternate  repetition^ 

ler  located  in  different  places  for  the  various 
repetitions.  Furthermore,  ier  must  be  received 
sometimes  on  a  and  sometimes  on  3  input  terminal 
of  ier  accumulator.  Products  transmitted  re¬ 
spectively  from  iv  or  S  output  of  product  accumu¬ 
lator  are  received  through  a  or  3  input  channels 
of  accumulators  14,  I6,  17,  •••,  20  on  alternate 
repetitions. 
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multiplication  (l)  leading  to  multiplication  (2)  etc*  For  grov^  Hj  the  predominant 
r-:!ouonce  also  procures  the  r-rgumonts  and  stimulates  accumulators  to  receive  the 
pvoc'jirts.  The  program,  pulses  for  this  predominant  sequence  are  carried  in  program 
ic'-'V-s  7  "r!  :l  S,  F'ar  '8,  the  predominant  sequence  inc.iudes  the  stimulation  of 

tni;  high-speed  multiplier  program  controls  used  and  also  the  stimulation  for  re¬ 
ceiving  products  from  the  product  accumulator.  An  auxiliary  program  sequence 
(carried  in  program  trays  3-6)  obtains  from  function  tables  1,  2,  and  3  programming 
instructions  for  procuring  the  arguments  for  the  multiplications  of  group  B, 

Group  C  is  handled  in  the  same  way  as  group  B  except  for  the  manner  of  stimulating 
reception  of  the  product  which  is  described  below.  The  predominating  sequence 
goes  to  steppers  G  and  either  E  or  F  for  instructions  as  to  which  argument  to  use 
and  which  high-speed  mxiltiplicr  program  control  to  stimiilate  for  a  multiplication 
in  group  D  (the  program  pulses  in  this  sequence  are  carzded  on  lines  9-1  through 
10-2),  A  third  auxiliary  sequence  (whose  program  pulses  are  carried  in  trays  10 
and  ll)  stimulates  the  reception  of  the  products  from  the  product  accumulator  for 
groups  C  and  D»  Stepper  K  of  the  master  programmer  controls  this  third  sequence. 

The  set-up  shown  in  Table  8-I3  actually  lists  the  events  of  sequence  2,1, 
Sequence  2.2  in  which  the  terms  are  computed  resembles  sequence  2,1  except 
for  the  constants  chosen  for  the  multiplications  of  groups  B,  C,  and  E  and 
the  fact  that  reception  of  terms  for  the  various  Nj^  in  accumulators  I6,  17* 

,,,,  20  is  through  the  0  input  channel.  Sequence  A  is  carried  out  in  the  same 
way  as  sequence  2  with  the  multiplication  sequences  A  and  B  alternating.  Sequence 
5  in  which  the  final  results  are  printed  is  described  in  Section  9.5* 
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IX.  PH  UTTER  AND  IBM  G^iND  PUNCH 

The  ENIAC  records  80  digits  with  as  many  as  16  signs  on  a  standard 
IBM  card  (see  Chapter  VII l)  hy  means  of  the  printer  which  is  connected  to  a 
modified  IBM  gang  punch.  Data  to  be  recorded  is  delivered  from  the  static 
outputs  of  master  progranuner  decades  and  accumulator  counters  to  the  printer. 
Cards  may  be  punched  at  the  rate  of  approximately  100  per  minute.  When 
printing  takes  place,  the  counters  from  which  data  is  recorded  are  tied  up 
for  about  150  ms.  or  750  addition  times  which  is  only  part  of  the  total 
printing  time  (0.6  sec.). 

The  printer  and  IBM  gang  punch  will  be  discussed  in  this  chapter 
along  the  following  lines i  Sec.  9.1,  programming  circuits;  Sec.  9,2,  plug 
T?oard  of  the  IBM  gang  punch;  Sec,  9.3,  numerical  circuits;  Sec.  9.4,  units 
connected  to  the  printer.  An  illustrative  problem  is  discussed  in  Sec,  9.5, 
The  following  diagrams  will  be  referred  to; 

IBM  Card  Punch  PX-12-112 

Printer  Block  Diagram  PX-1 2-307 

Printer  Front  Panels  P3t-1^301,  302,  303 

Printer  Front  View  PX-12-306 

IBM  Punch  Plug  Board  FX-12-30S 

Initiating  Unit  Front  View  PX-9-305 

Initiating  Unit  Front  Panel  PX-9-302 

9.0  GENERAL  SUMliARY  OP  THE  IBM  PUNCH  AND  PRINTER 

Data  storod  in  electronic  counters  of  certain  units  of  the  ENIAC 
(see  See,  9,4  for  a  list)  is  taken  to  an  array  of  tubes  in  the  printer  by 
static  output  leads  which  run  along  a  trough  at  the  top  of  the  ENIaC, 
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For  each  5  digit  group  (of  the  total  of  80  digits  which  can  be  punched  on  one 
card)  there  aro  5  rows  of  10  tubes  each  for  the  input  of  digital  data.  Those 
tubes  are  labelled  by  a  letter  from  A  to  E  followed  by  a  nunbor  between  0 
and  9  inclusive.  In  addition,  for  each  5  digit  group,  there  arc  3  tubes  for 
recording  minus  indication  belonging  to  the  group.  Associated  with  each 
input  tube  is  a  printer  relay.  The  printer  relays  for  digits  arc  labelled 
in  the  same  way  as  ore  the  tubes.  The  relays  for  minus  sign  indication  aro 
labelled  Ml,  M2,  and  The  last  relay,  Cg,  is- referred  to  as  the  carry¬ 

over  relay.  A  printer  relay  is  activated  when  its  associated  tube  goes  "on". 
The  hold  contacts  on  these  relays  are  connected  to  the  holding  cam  in  the 
punch  (see  PX-12-112)  so  that  when  this  cam  breaks  at  time  9.5  in  the  card 
punching  cycle^  the  printer  relays  release. 

It  is  to  be  noted  that  the  input  tubes  and  printer  relays  are  sot 
up  in  accordance  with  the  digital  information  as  it  is  stored  in  the  accumu¬ 
lators  connected  to  the  printer,  i.c,  co!nplomcnts’'^^rc  sot  up  as  such, 
Complomonts  arc  oonvertod  to  negative  numbers  before  punching  takes  place 
throu^  the  intcrvi:ntion  of  relays  through  Cg,  the  Pii  relays,  Ml  and  M2, 
and  the  carry-over  relay,  Cg.  The  carry-over  cam  in  the  punch  (see  PX-12-112) 
also  plays  a  part  in  this  conversion. 

In  the  IBM  punch,  as  in  the  reader,  there  is  an  emitter  with  12 
stages  (l2,  11,  0,  9  with  stage  11  the  minus  punch  stage).  Certain 

stages  of  the  emitter  are  connected  through  so  called  PM  transfer  contacts 
on  the  minus  relays  (Ml  and  M2)  to  contacts  on  the  printer  relays  which 

•-♦^The  card  punching  cycle  is  divided  into  14  units  as  is  the  card  reading 
cycle  discussed  in  Sec.  6,0.3. 

)tfln  this  chapter,  the  word  complement  is  restricted  to  mean  the  complemont 
of  a  positive  number. 
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register  digital  information,  Tlie  latter,  in  turn,  are  connected  through 
transfer  contacts  on  the  relays  through  Cg  to  linos  which  carry  signals 
for  punches  in  the  various  columns  to  the  computer  result  exit  hubs  on  the 
IBIi!  punch  plug  board  (see  PX-12-305),  By  means  of  plug  board  wiring,  these 
signals  can  be  delivered  to  the  punch  magnets  (see  PX~12-112)  for  any 
desired  column  of  the  card. 

Each  of  the  80  punch  magnets  operates  a  lover  with  a  little  head 
on  it.  Tfilhen  a  punch  magnet  is  activated,  tho  lover  moves  forward  and  a 
hemmer  bar  in  tho  punch  hits  tho  head  of  the  Icvor  against  a  punch  shaft. 
Thus,  a  hole  is  punched  in  the  col:imn  v:ith  xvhich  the  lovor  is  associated. 
Since,  throughout  the  punching,  the  card  moves  forward  in  synchronism  with 
the  emitter,  the  hole  is  punched  in  the  digit  ro'if  corresponding  to  the 
activated  printer  relay  for  that  column. 

Data  may  be  punched  in  all  80  columns  of  the  card  or,  if  desired, 
certain  columns  or  5  digit  groups  may  be  left  blank.  If  the  print  switch 
of  a  5  digit  group  (see  Plt-l2-302) ,  whifjli  has  the  positions  "print"  and 
"off",  is  set  at  off,  the  printer  input  tubes  for  the  group  of  numbers  do 
not  set  up  and  pui^ch  signals  for  that  group  are  not  delivered  to  tho  IBM 
punch  (see  Secs,  9,2  and  9,4),  No  pimch  is  made  in  a  column  for  which  there 
is  no  plug  board  connection  between  computer  result  exit  hub  and  punch 
magnot  hub. 

The  total  of  80  digits  can  be  broken  up  into  signed  5,  10,  15, 
or  80  digit  groups  by  means  of  the  coupling  switches  on  panels  1,  and  3  of 
the  printer.  The  numbering  on  these  switches  corresponds  to  the  numbering 
of  the  printer  relay  groups  (see  Sees.  9,2  and  9,4).  Yiftion  a  coupling  switch 
in  sot  at  C,  the  2  five  digit  groups  v;hoso  numbers  appear  on  that  coupling 
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svifitch  ar&  considored  as  ono  for  sign  indication  purposes  and  for  complo- 
mentation.  If  two  adjacont  coup?Ling  switches  are  sot  at  C,  the  throe  groups 
Vifhoso  numbers  appear  on  tho  sv/itchos  arc  considered  as  a  single  15  digit 
group,  etc.  The  use  of  PM  adaptors  is  also  involved  in  the  coupling  or 
isolation  of  five  digit  groups  (see  See.  9.4), 

Certain  programming  circuits  for  both  tho  printor  and  punch  arc 
located  in  tho  initiating  unit  of  the  EiilAC  and  others  arc  in  the  punch 
itself.  Located  at  tho  initiating  unit  (sec  PX-12-307  and  9-302)  aro  tho 
printor  program  pulso  input  terminal,  start  flip-flop  (68,  69),  finish 
flip-flop  (64,  65),  synchronizing  flip-flop  (67,  68),  program  output  pulse 
transmitter  (70-  72)  and  terminal.  Neons  correlated  with  these  flip-flops 
are  shown  on  PX-9-305.  The  start  flip-flop  operates  a  printer  start  relay 
located  in  the  printer. 

On  the  punch  there  are  start  and  stop  switches  and  a  master- 
detail  switch  (which  should,  however,  always  be  set  at  master).  Inside  the 
punch  are  found  a  start  relay  (Rlo),  the  motor  hold  relay  (R9  and  H,D,  No,  1 
motor  relay,  relays  1  and  3  which  are  associated  respectively  v/ith  tho  dio 
card  lever  contact  (Die  CLC  on  PX-12-112)  and  the  magazine  card  levor 
contact  (Hag.  CLC  .)f  and  relay  23.  Tho  program  controls  in  this  and  tho 
preceding  paragraph  have  to  do  'with  starting  and  stopping  the  printor  and 
punch  and  will  bo  discussed  at  greater  length  in  See.  9,1, 

In  addition  to  the  switches  and  relays  mentioned  abovo,  two  of 
the  cams  in  tho  punch,  the  interlock  and  reset  cams,  act  e.s  prograrairiing 
circuits,  Tho  timing  for  these  cams  is  shown  on  PX-12-112  and  12-307, 

?/hcn  the  interlock  cam  makes  contact,  and  vmen  the  starting  relay  located 
in  tho  printor  (ccc  PX-12-307)  is  activated  as  a  result  of  tho  reception  of 
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a  program  pulse  by  the  printer  program  pulse  input  terminal,  the  input 
tubes  are  connected  to  20V,  which  allows  all  groups  with  print  switch  sot 
at  print  to  set  up,  iVhen  the  interlock  cam  breaks  (l2.6«13«3)i  the  input 
tubes  cannot  set  up.  The  reset  cam  which  makes  in  the  period  11.2  to  11,6 
provides  a  reset  signal  for  the  start  flip-flop  (68,  69)  and  sets  the  printer 
finish  flip-flop  (64,  65)  which  results,  finally,  in  the  transmission  of  a 
program  output  pulse  by  the  printer  (see  Sec.  9.1). 

9.1  PROGRAjwMING  CUICUITS  OP  THE  FRIiJTER  AHD  IBM  PUNCH 

A  program  pulse  received  at  the  printer  program  pulse  input 
terminal  on  the  initiating  unit  flips  the  printer  start  flip-flop  (68,  69) 
into  the  abnormal  state.  The  resulting  signal  from  the  start  flip-flop 
energises  the  start  relay  in  the  printer. 

Provided  that  thoro  is  at  loast  ono  card  in  tho  magasino  (so 
that  Mag.  CLC  is  closed  and  relay  3  is  activated)  and  provided  that 
there  is  a  card  in  the  punch  position  (so  that  Die  CIC  is  closed  and 
relay  1  is  activated),  the  signal  from  tlie  printer  start  relay  carried  to 
the  pimch  over  circuit  I-ll  activates  H23.  As  long  os  the  printer  stop 
switch  is  not  thrown  and  under  the  conditions  noted  above  for  Mag,  GIC 
and  Die  CLC  the  circuit  to  the  punch  start  relay  (RIO)  through  R23  BL  is 
now  closed  so  that  RIO  is  activated.  Now,  with  contact  RIO  BL  closed,  the 
motor  hold  relay  (R9)  and  the  K.D,  No*  1  motor  relay  in  parallel  v/ith  it 
are  activated  so  that  tho  drive  motor  starts  up.  Also,  with  RlO  BU  closed 
the  printer  clutch  is  activated  so  that  a  cord  is  pushed  through  tho  punch¬ 
ing  apparatus.  RIO  holds  through  its  hold  contact  RIO  AL  until  cam  P5 
breaks  at  time  9  in  the  punch  cycle. 
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With  all  tho  cards  in  tho  magazine  and  no  card  in  the  punch 
position,  tho  printer  cannot  bo  started  by  tho  procedure  described  in  tho 
previous  paragraph  since  Die  CLC  is  open  when  there  is  no  card  in  tho 
punch  position.  If  the  start  switch  on  tho  punch  is  depressed  first,  one 
or  norc  cards  (depending  on  how  long  this  switch  is  depressed)  move  out 
of  tho  ifiagazino  so  that  subsoq^uontly  the  punch  and  printer  con  bo 
stimulated  to  operate  by  a  program  pulse  received  at  Pi  on  the  initiating 
unit. 

The  chronological  operation  of  the  pi.-nch,  once  the  printer  start 
relay  is  activated*;  is  suuu.iarized  in  Table  9-1, 

The  signal  from  the  reset  cam  (during  11.2-11.8)  is  taken  back 
to  the  printer  program  control  circuit  in  the  initiating  unit  via  line  38, 
This  signal  resets  the  printer  start  flip-flop  and  sets  the  printer 
finish  flip-flop.  With  the  printer  finish  flip-flop  in  the  abnormal  states 
a  CPP  is  gated  thr ough  (66]  so  that  the  printer  synchronizing  flip-flop  is 
set.  Thus,  gate  69  is  opened  to  allow  a  CpP  to  pass  to  the  progran  output 
pulse  torminal.  Notice  that  tho  printer  start  flip-flop  is  rosot  so 
that  it  can  recognize  that  a  nev/  printing  program  is  to  take  place  if 
another  prograra  input  pulse  is  received  and  a  program  output  pulse  is 
transmitted  about  750  addition  times  after  Pi  is  stimulated  or  about 
1/4  through  the  punching  cycle. 

If  the  printer  is  engaged  in  a  printing  program  and  another 
program  input  pulse  reaches  Pi  before  the  start  flip-flop  is  reset, 
naturally,  the  reception  of  this  second  program  input  pulse  is  not  noted. 

Therefore,  if  printing  programs  are  to  follow  closely  on  one  another, 

XAbout  10  ms  elapse  between  tho  reception  a-  program  pulse  at  Pi  and 
the  beginning  of  the  card  punch  cycle. 


TABLE  9-1 


CHRONOLOGICAL  OPERATION  OP  PLIICH 


Tijno  in 
Card  punch 
Cycle 


D  =  13. S 

14, S 
12.8 
11,0 


11.2 


11,8 


9  _J 
9.5 


13.3 


Event 


Punch  starts  -  interlock  cant  is  making  contact 


Holding  cam  makes 
Interlock  ccan  breaks 
Minus  punches  arc  mado 
Reset  cam  makes 
Roset  cam  breaks 

Digit  punches  arc  mado 


Holding  cam  breaks  so  that  printer  relays 
re lease 


Interlock  cam  makes  again  so  that  input 
tubes  can  sot  up  for  next  printing 


13.5 


Punch  stops  unless  Pi  received  program 
'  pulso  during  period  11.2  -  13.5 
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tho  programming  sequences  that  culminate  in  a  pulse  to  Pi  should  be  initiated 
by  a  program  output  pulse  from  Po,  the  printer's  prograiri  output  pulse  termi¬ 
nal,  so  that  there  will  bo  no  demgor  of  the  printer's  receiving  a  program 
input  pulso  v/hilo  tho  start  flip-flop  is  in  tho  abnorrml  state. 

If  tho  printer  receives  a  program  input  pulse  while  engagod  in 
printing  but  after  the  start  flip-flop  has  boon  rosot,  then  tho  start  flip- 
flop  is  again  flipped  into  the  abnormal  state.  The  printer  and  punch 
continue  ’.vith  tho  piuiching  cycle  in  v;hich  they  arc  engaged.  Since  the 
interlock  cam  breaks  at  time  12.8  (before  tho  start  flip-flop  is  reset)  the 
printer  input  tubes  cannot  set  up  for  tho  second  printing  program  until 
at  least  time  13,3  in  tho  punch  cycle  when  the  interlock  cam  once  again 
makes  contact  (soo  Soc,  9.3  and  Table  9-l),  ’Vhen  tho  first  punch  cycle  is 
completsd,  the  printer  and  punch  inniodiatcly  start  a  second  cycle  in  tho 
event  that  Fi  is  pulsed  between  tho  resetting  of  the  start  flip-flop  and 
the  completion  of  tho  cyclo, 

IVhcn  tho  interlock  cam  brooks  at  tiiao  12,6  (vfithout  a  safety 
factor,*  about  150  ms  after  Pi  is  stimulated)  the  printer  input  tubes  drop 
out  their  information  so  that  the  units  which  are  connected  statically  to 
the  printer  are  free  for  computing  purposes  again.  Before  this  time,  such 
units  cannot  be  called  upon  for  computational  prograrus .  Program  sequences 
which  require  computations  in  tuiits  connected  to  printer  groups  whose 
print  switches  ar®  in  the  print  position  and  which  partly  parallel  print¬ 
ing  should  be  initiated  by  tho  program  output  pulso  from  tho  printer,  so 
that  there  will  bo  no  danger  on  this  score.  Units  not  connected  to  the 
printer  arc,  of  course,  not  affected  by  printing  programs  and  can  bo  used 
for  computing  programs  throughout  printing  if  such  a  sot-up  is  desired. 
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’Vhcn  tho  intorlock  ccoti  rricilccs  contact  again  at  time  13»3,  tho  printer 
input  tubes  do  not  set  up  again  in  a  given  punch  cycle  unless  Pi  receives  a 
program  input  pulse  during  the  period  11.2-13.5  since  the  input  tubes  are 
connected  to  the  interlock  cam  through  a  contact  on  the  start  relay. 

In  the  printer,  as  in  the  reader,  a  design  is  used  in  which  a 
pulse  stimulates  successively  tho  unsynchronized  flip-flop,  a  gate,  tho 
synchronizing  flip-flop,  another  gate,  and  tho  transmitter.  This  insures 
the  omission  of  a  program  output  pulse  synchronized  with  tho  pulses  in  tho 
rest  of  the  EiJIAC  and  of  tho  proper  shape. 

It  is  to  bo  notod  that  in  this  discussion  a  number  of  olemsnts  in 
the  punch  such  as  R22,  R7,  R8,  R2,  and  R14  have  not  boon  moutioned.  Dis¬ 
cussion  of  those  relays  which,  in  a  ctandard  summary  punch  aro  fimctionally 
significant,  has  boon  omitted  sinco  in  the  card  punch,  as  it  has  been 
modified  for  coiuioctlon  with  tho  printer,  they  servo  no  logical  purpose, 

9,2  I3li  G/dIG  PUi'iCH  PLUG  BOARD 

Tho  IBM  gang  punch  plug  board  is  shown  on  PX-12-305,  The  computer 
result  exit  hubs  appear  at  the  top.  Thoso  hubs  arc  classified  in  16  groups 
of  5  hubs  each.  Tho  numbering  of  tho  groups  hero  corrosponds  to  tho  number¬ 
ing  of  tho  groups  of  printer  tubes  and  associated  relays  in  the  printer 
(soe  Soc,  9,4  for  a  list  of  the  units  connectod  to  the  various  printer  groups). 
Prom  tho  printer  relays  that  store  digital  information  tho  coruputor  result 
oxit  hubs  rocoivc  signals  via  the  cable  that  connects  the  printer  to  tho 
punch.  Each  minus  indication  hub  rccoivos  a  signal  frean  a  contact  on  tho  M2 
rolay  of  tho  printer  group  bearing  tho  same  number  as  appears  above  tho 
minus  indication  hub,  if  that. printer  group  stores 
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Ths  10  digits  stored  in  the  ^Intor  relays  for  groups  1  end  S  ere  to  bo  prlatod  In 
the  eoluBDia  1>10  of  the  pord  (b,.*.td).  Ulnus  slgpi  Indication  for  ttasie  digit*  (u)  Is  to 
be  punetaad  in  colurao  1  (o}« 

The  digits  fer  the  first  and  second  rlaoee  of  prlntsr  ^oup  IS  (f  and  h)  eso  to  bo 
punolMd  In  eolnono  OC  (h)  end  17  (g>  lospeetlvely.  The  ainas  punch  for  group  12  (*)  Ic  to 
appesr  In  coluim  17  (g). 
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The  16  groups  of  3  column  split  hubs  on  the  gang  punch  plugboard 
are  similar  in  operation  to  the  group  selection  hubs  on  the  reader  plugboard 
but  differ  from  the  group  selection  hubs  in  purpose.  On  PX-12-118,  it  can 
be  seen  that  there  is  normally  a  circuit  from  the  B  to  C  hubs  but  that  when 
the  columii  split  relays  (Rll,  R12,  R17,  and  R18)  are  activated  at  the  time 
when  cam  P2  meikes  (13.0-11,6)  the  circuit  is  from  the  A  to  C  hubs.  Thus, 
while  minus  punches  are  made  there  is  a  circuit  from  A  to  C,  and  while 
digit  punches  are  made,  there  is  a  circuit  from  B  to  C, 

The  SO  punch  magnet  hubs  are  connected  to  tho  punch  magnets  each 
of  which  has  responsibility  for  one  of  tho  80  columns  on  tho  Card. 

Tho  computer  result  exit  hubs  for  printer  groups  which  will  always 
bo  used  for  recording  positive  numbers  raay  bo  connected  directly  to  the 
punch  magnet  hubs  for  the  columns  in  vniich  those  numbers  aro  to  be  punched. 
Special  plugboard  coniicctions  must  be  made  for  printer  groups  that  record 
numbers  which  may  or  may  not  be  complements.  For  such  a  printer  group,  the 
correspondingly  numbered  minus  Indication  hub  should  be  connected  to  an  A 
hub  of  tho  column  split  hubs.  The  computer  result  exit  hub  which  receives 
a  signal  for  tho  digit  to  be  punched  in  tho  same  column  as  the  minus  punch 
for  tho  group  is  connected  to  the  B  hub  below  the  A  hub  choson,  Tho  C 
hub  is  then  connected  to  tho  puiich  magnet  hub  corresponding  to  tho  column 
in  \diioh  both  the  digit  and  minus  punch  are  to  bo  made.  Connections  arc 
made  directly  from  computor  result  oxit  hubs  to  punch  magnet  hubs  for  tho 
columns  in  which  the  minus  punch  does  not  occur.  An  example  of  the  plugging 
required  for  tho  first  and  last  digits  of  a  ten  digit  negative  number  vdien 
the  minus  punch  is  to  appear  in  column  1  is  shown  on  PX-12-305  Rl,  Notice 
that  while  2  printer  groups  record  this  number,  only  one  minus  indication 
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hub  is  connected  to  an  A  hub  of  the  column  splits.  This  minus  indication 
hub  could  just  as  well  have  been  the  group  2  hub  instead  of  the  group  1  hub 
as  shown  on  PX-12-305  Rl, 

Corresponding  to  each  of  the  12  stages  of  the  emitter  there  are 
3  hubs.  If  an  emitter  output  hub  is  connected  to  a  punch  magnet  hub,  the 
digit  corresponding  to  the  emitter  output  hub  is  punched  in  the  column 
associated  with  the  punch  magnet  hub  v/henever  a  card  is  punched.  By  means 
of.  connections  from  enltter  output  to  punch  magnet  hub,  a  given  digit- punch 
can  be  made  in  as  many  as  tliree  columns. 

To  the  right  of  the  emitter  output  hubs  are  5  groups  of  comiaon 
terminals.  All  5  terminals  connected  by  a  horizontal  line  are  common.  By 
plugging  from  an  emitter  output  hub  to  one  of  a  group  of  5  common  terminals 
and  from  each  of  the  other  four  common  terminals  of  the  group  to  punch 
magnet  hubs ,  the  punch  is  instructed  to  punch  the  digit  selected  in  4 
ooluTiins  (see  the  illustrative  exainple  of  PX-12-30S  R2), 

9.3  NUidERICia  CIRCUITS  OP  THE  PRINTER  jiND  FUi'ICH 

If  the  print  switch  of  a  5  digit  group  is  in  the  print  position, 
at  the  beginning  of  the  card  punching  cycle  while  tho  interlock  cam  is 
making  contact,  the  cathodes  of  all  53  printer  input  tubes  for  the  group 

are  connected  through  a  contact  on  the  printer  start  relay  to  a  source  of 

tho  required  voltage  for  allowing  the  set  up  of  these  tubes.  Thus  when  a 
program  input  pulse  is  received  at  Pi,  the  digit  tubes  connected  through 
the  static  leads  to  tho  stages  of  counters  in  tho  abnormal  state  go  on.  The 
tubes  associated  v;ith  relays  bil,  M2  and  Cq  arc  connectod  to  the  static 

load  from  the  M  stage  of  tho  PM  counter  of  the  unit  from  which  the  digits 

for  the  group  come  so  that  these  tubes  go  on  only  if  the  number  to  be  printed 
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Is  a  complement.  Thus  if  the  number  U  1  234  500  000  Is  stored  in  an  accu¬ 
mulator  vdiich  has  its  PM  counter  and  five  left  hand  decade  counters 
connected  to  group  1  of  the  printer,  the  minus  tubes  Ml,  M2,  and  and  the 
digit  tubes  Al,  B2,  C3,  D4,  and  E5  go  on  at  this  time.  The  "on"  tubes 
activate  the  relays  associated  with  them. 

In  addition  to  the  hold  contacts,  tivo  Contacts  for  each  of  the 
digit  relays,  in  other  words,  a  total  of  100  contacts  for  a  5  digit  group, 
aro  arranged  in  a  10  by  10  array.  PX>l2-307  shows  these  contacts  arranged 
so  that  the  horizontal  linos  2i-l  (vdiere  i  =  1,  2,  ...,  5  and  where  i  =  1 
Identifies  the  bottom  line)  have  tho  contacts  for  the  relays  used  to  rep¬ 
resent  the  digits  9,  8,  7,  •••,0  and  the  horizontal  linos  2i  have  the  con¬ 
tacts  for  relays  usod  to  reprosent  tho  digits  0,  9,  8,  1  reading  from 

loft  to  right.  Each  vortical  column  of  rolay  contacts  is  connected  to  one 
of  3  stages  of  tho  emittor  through  a  PM  transfer  contact  on  either  relay 
Ml  or  M24  The  labelling  on  PX-12-  307  indicates  how  these  vertical  lines 
arc  connected  to  stages  j  or  9-j  of  tho  emitter  (reading  from  left  to  right 
j  =  9  to  0)  according  as  the  PM  relays  Ml  and  M2  are  in  the  normal  state 
(when  the  group  is  a  positive  number)  or  the  abnormal  state  (when  the  group 
is  a  complement). 

In  this  manner  tho  process  of  converting  a  cosnplement  into  a  nega¬ 
tive  number  by  subtracting  the  digits  in  each  decade  place  from  9  is 
provided  for.  To  complete  tlie  conversion,  it  is  necessary  to  subtract  from 
10  instead  of  9  the  extreme  right  hand  digit  of  the  complement  or  tho  first 

from  the  right  non  zero  digit  of  tho  complomont  and  to  loavo  the  zero  digits 
to  tho  right  of  the  first  non  zero  digit.  For  this  purpose,  the  relays 
thz^ough  Cg  aro  used.  If  tho  coupling  switches  of  a  given  5  digit  group  are  in 
tho  0  position,  and  the  number  set  up  in  the  printer  relays  for  that  group  is 
a  complement  (so  that  rolay  is  activated),  then,  \rhon  tho  carry  over  cam 
molcos  (13,6-9,4),  the  relay  Cg  which  is  associated  with  tho  f^.rst  place  at 
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the  right  of  the  S  digit  group  is  activated.  Relay  is  activated  only  if 
Cg  is  activated  and  contact  EO  is  closed  (as  is  tho  caso  when  the  first 
from  the  right  digit  of  tho  group  is  a  zero).  Similarly,  Cg  is  activated 
only  if  Cg  and  are  and  contact  DO  is  closed,  etc.  The  case  in  which  two 
or  more  5  digit  groups  are  coupled  together  by  means  of  the  C  setting  on 
one  or  more  coupling  a^vitches  is  similar  to  this  except  that  it  Is  the 
relay  for  the  group  of  highest  number  which  is  activated  if  the  number 
registered  in  the  printer  groups  is  a  complement.  Tho  0^,  C^*  •••  relays 
for  this  highest  numbered  group  are  activated  or  not  depending  on  tho 
prosonce  or  absence  of  zeros  in  the  right  hand  places  of  the  complement. 

Now  either  an  odd  (reading  from  tho  bottom  up)  lino  or  its 
immediate  oven  successor  is  connected,  through  a  transfer  contact  (on  one 
of  tho  relays  through  C5)  to  a  lino  which  carries  a  punch  signal  back  to 
tho  computer  result  exit  hubs.  An  even  numbered  lino  is  connected  to  a 
punch  signal  lino  only  when  the  relay  Cj^,  Cg,  or  Cg  corresponding  to 

that  punch  signal  lino  is  activated;  otherwiso  punch  signals  come  from  the 
odd  numbered  lines. 

A  signal  for  a  digit  punch  results  from  tho  ostablishmont  of  a 
circuit  from  an  omittor  stage  through  a  PM  transfer  contact,  through  a 
contact  on  a  digit  relay  through  a  transfer  contact  to  a  computer  result 
exit  hub.  A  signal  for  a  minus  (11)  punch  reaches  a  minus  indication 
hub  . as  a  result  of  a  circuit  from  stage  11  of  the  emitter  through  a  contact 
on  relay 

'  Table  9-2  illustrates  the  process  of  converting  data  stored  In 
the  printer  relays  into  punches  on  an  IBM  card.  It  is  assumed  that  tho 
coupling  switch  for  the  printer  relay  group  in  which  tho  numbers  arc  stored 


TABLE  9-2 
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is  in  tho  0  position.  The  symbol  (a)  after  a  relay  number  indicates  that 
the  relay  is  activated.  The  table  is  arranged  to  indicate  the  chronological 
order  in  ivhich  the  punches  are  made.  The  punching  of  the  first  number 
P  13057  is  a  straightforward  example  of  what  happens  vdien  a  positive  number 
is  punched.  The  case,M  13057, illustrates  the  conversion  of  a  Complement 
into  a  negative  number,  and  the  case,  U  13570,  illustrates  the  conversion 
of  a  complement  with  at  least  one  zero  at  the  far  right, 

9,4  mJITS  COMECTED  TO  THE  PRINTER 

The  static  outputs  of  the  counters  in  any  accumulator  or  in  the 
master  programmer  can  be  connected  to  the  printer  input  tubes.  To  deliver 
information  for  five  digits  and  a  sign  to  the  printer,  a  55  conductor 
cable  is  used.  Each  of  50  leads  connects  the  static  outputs  of  1  stage 
of  one  of  the  5  decade  counters  to  a  printer  input  tube  ,  Another  lead 
delivers  the  static  output  of  tho  M  stage  of  tho  FM  counter  to  tho  minus 
indication  tubos  associated  with  tho  50  printer  tubes  for  tho  5  digits"^. 

The  16  cables  used  for  the  80  digits  and  16  minus  signs  that  con  bo  punched 
arc  carried  in  a  trough  vsdiich  runs  along  the  top  of  tho  EIJIAC. 

At  the  time  of  writing  of  this  report,  the  following  connections 
have  been  established  botweon  units  of  tho  EIIlAC  and  printer  groups: 


^Yi/hon  10  digits  and  sign  are  printed  from  a  given  accumulator,  tho  static 
output  of  stage  M  is  connoctod  to  tho  Pli  load  in  each  of  2  static  output 
cables  through  the  uso  of  adaptor  A  on  PX-12-114.  ’jVlion  5  digits  without  sign 
indication  are  printed  from  on  accumulator  or  from  tho  master  programmer,  no 
connection  is  made  to  tho  Pk  lead  in  the  static  cable,  and  adaptor  B  shown 
on  FJt.12-114  is  ccrmc-ctod  to  the  socket  in  tho  printer  which  goes  to  tho 
PM  tubes  of  the  5  digit  group. 
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Printer  Groups 

Connected  to 

1*^ 

Master  Programmer  decades  14  -  16 

2  and  3 

Accumulator  13  -  10  decodes  and  PU 

4  and  5 

Accumulator  14  -  10  decades  and  PM 

6 

Accumulator  15^'-  decades  6-10  and  PM 

7  end  8 

Accumulator  16  -  10  decades  and  PM 

9  and  10 

Accumulator  17  -  10  decades  and  PM 

11  and  12 

Accumulator  16  -  10  decades  and  PM 

13  and  14 

Accumulator  19  -  10  decades  and  PM 

15  and  16 

Accumulator  20-10  decades  and  PM* 

The  static  outputs  of  decades  1-5  of  accumulator  IS  are  also 
delivered  to  the  printer  in  the  static  output  trough  hut  the  leads  are  not 
plugged  into  the  printer  input  sockets.  If  it  is  desired  to  print  10 
digits  from  accumulator  15  and  none  from  the  master  programmer,  the  leads 
from  the  master  programmer  should  he  pulled  out  and  those  from  accumulator 
15  plugged  in  instead.  Notice  that  a  ten  digit  negative  number  cannot  he 
printed  from  accumulator  15  since  there  is  no  way  to  couple  together  groups 
6  and  1,  It  is,  however,  possible  to  print  either  of  the  following  fron 
accumulator  15: 

1)  A  ten  digit  positive  number 

2)  Two  five  digit  numbers  with  the  left  hand  number  having  any 
sign  and  the  right  hand  number  only  a  plus  si^, 

Tho  connections  made  to  the  printer  make  it  possible  to  use  tho 
printer  in  a  moderately  flexible  way.  For  example,  even  though  ton  decades 
of  an  accumulator  are  connected  to  the  printer,  it  is  not  noCossary  that  all 
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ton  columns  bo  punched  when  data  from  this  accumulator  is  printed.  If  there 
aro  fivo  or  fewer  significant  figures  of  a  result  to  bo  printed  from  an 
accumulator  which  has  10  docadcs  connoctod  to  the  printer  and  if  those 
figures  are  located  in  the  five  left  hand  or  fivo  right  hand  decade  places 
of  the  accumulator,  the  punching  of  columns  in  which  the  non-sign if  leant 
figures  are  located  can  bo  avoided  by  sotting  the  print  switches  of  the 
higher  or  lower  numbered  fivo  digit  group  rospectively  to  off.  If  the 
significant  figures  arc  at  the  loft  of  the  accumulator  tho  coupling  switch 
which  carries  the  numbers  of  the  2  printer  groups  connected  to  that  accumu¬ 
lator  must  certainly  be  sot  at  0  so  that  complementation  will  be  carried 
out  correctly.  If  the  significant  figures  aro  at  the  right  of  tho 
accumulator,  the  coupling  switch  may  be  set  at  either  C  or  0, 

Another  mothod  which  eliminates  the  punching  of  non-significant 
zeros  consists  of  cxnitting  plug  board  connections  betvreen  punch  magnets 
and  those  computer  result  exit  hubs  which  roceive  tho  non-signif icant  ieros. 

Another  procedure  which  is  possible  under  certain  circumstances 
consists  of  printing  two  fivo  digit  niunbsrs  from  an  accumulator  which  has 
10  decades  and  its  PM  coniiocted  to  the  printer,  VJhen  the  two  numbers 
stored  in  the  accumulator  always  have  the  suno  sign,  the  standard  PM 
adaptor  labelled  A  on  PX-ia-114  which  connects  stage  M  of  tho  accumulator's 
PM  counter  to  the  static  loads  which  go  to  tho  printer  PM  tubes  for  both 
fivo  digit  groups  is  usod,  Tho  coupling  switch  for  the  two  printer 
groups  is  set  at  0  so  that  tons  complements  are  taken  in  converting  each 
number  into  a  nogativo  number  when  the  common  sign  is  M. 

"When  one  of  tho  five  digit  numbers  is  always  positive  and  the 
other  may  bo  cither  positive  or  negative,  tho  static  connection  from  the 
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accumulator's  PM  counter  to  the  PH  tubes  for  the  positive  group  is  broken 
for,  otherwise,  complemonts  would  bo  taken  for  both  five  digit  groups  and 
both  groups  would  bo  printed  as  negative  numbers.  In  this  case,  moreover, 
the  adaptor  labelled  3  on  PX-13-114  is  connoctod  to  the  socket  in  the 
printer  which  goes  to  tho  PM  tubes  of  the  positivo  group.  This  adaptor 
grounds  the  grid  of  the  PH  tubos.  The  coupling  switch  associated  with 
tho  two  printer  groups  is  sot  at  0  so  that  a  tens  complement  will  be 
taken  in  converting  numbers  with  sign  M  into  negative  numbers. 

If  both  five  digit  numbers  may  have  different  signs  and  if  one 
of  the  five  digit  numbers  is  not  known  to  bo  always  positivo,  thero  is  no 
way  to  print  both  numbers  correctly  from  one  accumulator, 

9,5  illustrative  PROBLEM  SET-UP 

The  printing  sequence  of  the  problem  discussed,  in  part,  in 
Chapter  VIII  is  taken  here  to  illustrate  the  use  of  the  printer.  The 
problem  may  be  summarized  briefly  as  follows:  Six  numbers,  (for  0^ 
are  formed  in  accumulators  14  and  16-20  by  the  end  of  sequence  4  (see 
Tables  8-8  and  8-  10,  Since  the  significant  figures  switches  on  these 
accuJAulators  are  set  at  6  (see  Figure  8-3),  the  values  are  correct  to  6 
figures.  The  four  irrelevant  right  hand  digits,  however,  have  not  been 
deleted.  Master  programmer  decades  14-18  (associated  r/ith  stepper  C)  store 
the  identification  number  for  the  results. 

In  sequence  5,  tho  numbers  are  printed  and  the  reading  of 
constants  for  the  next  computation  proceeds  in  parallel,  \7hen  printing  is 
completed,  selective  clearing  takes  place.  The  program  output  pulse  from 
a  soloctivc  clearing  transceiver  provides  a  reader  interlock  pulso.  The 
reader  program  output  pulse  goes  back  to  the  master  programmer  (see  Figure 
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8-2  from  which  will  cone  a  program  output  pulse  to  stimulate  the  computa¬ 
tions  for  the  next  system  of  eq.uation.s. 

The  Set-up  for  this  sequence,  sequence  5,  is  shovm  on  Table  9-3 

\ 

and  Figure  9-1  (a  and  b)  is  a  set-up  diagram  for  this  sequence*  Master 
programmer  decades  14-18  arc  connected  to  printer  group  1  and,  therefore, 
the  coupling  switches  1-2  and  16-1  arc  set  at  0  (soo  Piguro  9-1),  Since 
6  digits  are  being  printed  from  accumulators  14,  16,  17,  20,  coupling 

switches  4-5,  7-8,  9-10,  11-12,  13-14,  and  15-16  are  set  at  C,  All  otlier 
coupling  switches  arc  sot  at  0.  The  print  switches  for  the  13  printer 
groups  usod  here  arc  sot  at  print  v/ith  all  others  sot  at  off, 

A  possible  plug  board  wiring  for  printing  the  numbers  involved 
is  shown  on  PX-12-305  R3,  Notice  that  oven  though  10  digits  oro  sot  up 
in  the  printer  groups  for  each  value  of  Nj^,  only  6  digits  are  printed 
since  connections  from  computor  result  exit  hubs  to  punch  magnet  hubs  for 
the  four  digits  at  the  right  in  each  pair  of  five  digit  printer  groups  are 


omitted 


H£ATEtS 
Off  O  ON 


Swi^li 


ItMHWS  Idt/ JiT«*  ■  input 

ruf««tiMLljf  wilb  dtcadks  l,2,~'^XcMn  tcd  frsft  toicftJjk 


WWtMNU 
flUKL  NCk& 


X  -  1 


X.  lUlSTE^l  FROGRAUUER 

The  master  programmer  is  a  central  programming  unit  whose  primary 
function  is  to  direct  and  stimulate  the  performance  of  the  program  sequences  of 
Yarious  levels  which  enter  into  a  computation.  While  the  master  programmer  is 
capable  of  stimulating  the  performance  of  individual  programs ^  it  is  usually 
not  required  for  this  purpose.  It  is,  however,  essential  to  use  the  master 
programmer  to  aceo^lish  the  Iteration  of  a  program  sequence  into  a  chain 
(see  Section  1.4.)  ox*  to  link  together  chains  and  program  sequences.  The  master 
programmer  can  link  programs  together  either  serially  or  on  the  basis  of  magni¬ 
tude  discrimination.  The  master  programmer  may  also  be  used  as  a  counter  in 
that  it  is  capable  of  storing  numbers  (without  sign,  however)  and  also  of  adding 
by  counting  pulses.  This  latter  feature  enables  the  operator  to  store  values, 
say  of  the  Independent  variable,  in  the  master  programmer.  Certain  decades  of 
the  master  programmer  have  been  connected  to  the  printer  so  that  a  number  stored 
in  these  decades  can  be  printed. 

Sections  1,  2,  and  3  this  chapter  are  concerned  with  the  eoB^onents 
of  the  master  programmer*  The  programming  of  the  master  programmer  is  discussed 
in  Section  4>  and  the  uses  of  the  master  programmer  are  considered  in  Section  5* 
Illustrative  set  ups  involving  the  master  programmer  are  found  in  Section  6* 
Reference  will  be  made  to  the  following  diagrams: 

Ifaster  Programmer  Front  View  FX-6-303 

Raster  Programmer  Front  Panels  FX-8-301,  8-302 

Raster  Programmer  Block  Diagram  PX-8-304 
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10,0  GENERAL  SUMMARY 

The  roaster  programmer  has  ten  steppers  (identified  by  the  letters 
A-K  on  FX-8-301  and  302),  The  basic  property  of  a  stepper  is  that  it  has  one 
input  and  6  outputs.  By  means  of  the  6  output  terminals^  a  pulse  received  at 
a  stepper  input  terminal  from  a  given  program  line  can  be  routed  to  one  of  6 
program  lines. 

Each  stepper  has  a  6  stage  covuiter.  The  output  terminal  through 
which  a  pulse  is  omitted  when  a  stepper  input  is  stimulated  depends  on  the 
stage  of  the  stepper  counter  at  the  time  when  the  pulse  is  transmitted. 

The  master  programmer  also  includes  20  master  prograjnmer  decades 
(numbered  1-20  beginning  with  the  extreme  right  hand  decade  on  panel  and  end¬ 
ing  with  the  extreme  left  hand  decade  on  panel  l) ,  By  moans  of  decade  associator 
switches  as  many  as  five  decades  can  be  combined  into  a  group,  and,  as  a  group, 
associated  with  a  stepper. 

The  group  of  decades  associated  with  a  stepper  counts  one  each  time 
the  stepper  is  pulsed.  Each  decade  has  associated  with  it  6  decade  switches, 
one  for  each  stage  of  a  stepper  counter.  Vilhen  the  stepper  counter  is  in  stage 
5  and  when  the  decades  associated  with  a  stepper  register  the  number  set  up  on 
the  decade  switches  belonging  to  stage  s  of  the  associated  stepper,  the  stepper 
advances  from  stage  s  to  stage  s+1  and  the  decades  associated  with  the  stepper 
clear  to  zero.  Thus,  the  decades  and  decade  switches  make  it  possible  for  a 
stepper  to  emit  a  pulse  from  the  output  terminal  associated  with  stage  s  of  the 
stepper  on  the  number  of  occasions  specified  by  the  settings  of  the  stage  s 
decade  switches  and  then  to  omit  a  pulse  from  the  output  terminal  associated 
with  stage  s+1  of  the  stepper  counter. 
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Besides  the  preceding  there  are  other  features  of  the  master  prograrauer 
which  provide  means  of  controlling  the  stepper  counters  and  decade  counters.  Each 
decade  counter  has  a  direct  input  (labelled  by  the  decade  number  followed  by  di). 
Each  pulse  received  at  a  decade  direct  input  terminal  cycles  the  decade  counter 
one  stage.  Similarly  each  pulse  received  at  a  stopper  direct  input  terminal 
(di  preceded  by  the  stepper  letter)  cycles  the  stepper  counter  1  stage,  A 
stepper  is  cleared  to  stage  1  by  pulse  input  to  its  clear  direct  input,  (edi 
preceded  by  the  stepper  letter) .  A  stepper  clear  switch  associated  with  each 
stopper  un;!.t  makes  it  possible  to  use  a  stepper  counter  as  a  c  stage  counter 
where  1  yc  ^  6, 

10,1,  DECADE  ASSOCIATOR  SVJITCHES 

Certain  decades  are  permanently  associated  with  one  another  and,  as  a 
group,  with  a  particular  stepper.  For  example,  decades  15,  l6,  and  1?  are  per¬ 
manently  associated  with  one  another  and  with  stepper  C,  Other  decades  (decades 
12,  lA,  18,  and  20  on  panel  1,  for  example)  can  be  associated  by  means  of  a 
decade  associator  switch  with  either  of  the  2  steppers  whose  identifying  letters 
appear  on  the  switch  and  thus,  with  the  other  decades  permanently  connected  to 
that  stepper*  Notice  that  stoppers  A  and  F  may  be  used  without  euiy  associated 
decades. 

The  decades  of  a  group  are  connected  to  one  another  for  the  purpose 
of  carry-over  and,  as  a  group,  are  associated  with  a  stepper  to  provide  one  of 
the  signals  which  can  cycle  the  stepper  counter  at  certain  times  (see  Section 
10.2.2.). 
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10.2.  MASTER  PROCSIAMMER  DECADES 

The  master  programmer  decades  will  be  described  with  reference  to  the 
diagram  for  decade  11  on  PX-^<-304.  Each  master  programmer  decade  consists  of 
6  decade  switches  each  with  an  associated  inverter  (B41,  42,  or  43) i  ^d  a 
decade  ring  counter  with  a  clear  circuit  (inverters  1*  and  B45  and  gate  B44)> 
a  carry  over  circuit  (gate  28  and  tubes  30),  and  an  input  circuit  containing 
pulse  standardizer  25-27  and  buffer  31«  Noons  associated  with  stages  0  through 
9  of  the  decade  counters  are  shown  on  PX-8-303. 

10,2.1,  Decade  Counter;  Input  and  Carry  Over  Circuits 

Decade  counter  D  (where  1^D^20)  can  be  cycled  by  input  to  its 
decade  direct  input  terminal,  from  the  carry  over  circuit  of  decade  D-1  (if  there 
is  a  decade  D-1  associated  with  it),  or,  in  the  case  of  units  decade  of  a  group 
associated  with  a  stepper,  from  the  stepper  input  circuit  (see  Section  10.3*1*) 
Pulse  input  to  the  decade  direct  input  cycles  the  decade  counter  immediately, 
but  there  is  a, one  addition  time  delay  between  the  pulsing  of  the  stepper  input 
and  the  cycling  of  the  decade  counter  which  results  (see  Section  10.3.1.). 

When  a  given  decade  counter  is  cycled  to  stage  9y  gate  28  (in  the 
case  of  decade  11)  opens  so  that  the  next  pulse  delivered  to  the  decade  not  only 
cycles  the  counter  back  to  stage  zero,  but  also  passes  through  the  gate  and 
tubes  30  to  be  delivered  to  the  next  decade  at  the  left  if  there  is  one.  The 
time  between  successive  digit  pulses  is  not  sufficient  to  allow  safely  for  the 
carry  over  process.  For  this  reason  digit  pulses  should  not  be  fed  to  the 
decade  direct  input  terminal  (also  see  Section  10,2,2,),  Input  to  the  decade 
derived  from  pxilsing  the  stepper  input  terminal  (see  Section  10,3.)  comes  at  the 
time  of  the  GPP  so  that  there  is  sufficient  time  for  carry  over, 

*Tube  1  and  the  decade  ring  counter  arc  mounted  in  a  pluf;-in  unit. 
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10,2.2,  Decade  Switches  and  Decade  Counter  Clear  Circuits 

Each  decade  switch  is  correlated  with  one  of  the  6  stages  of  the 
stepper  counter  associated  with  the  decade,  A  decade  switch  in  the  top  row  is 
associated  with  stage  Ij  a  switch  in  the  bottom  row,  with  stage  6, 

The  operator  sets  up  on  the  decade  s^Nitches  corresponding  to  stage  s 
of  a  stepper  the  nmber  which  the  decades  associated  with  the  stepper  must 
register  for  the  stepper  to  advance  from  stage  s  to  stage  s+1  and  for  the  decade 
counters  to  be  cleared  back  to  zero.  For  example,  if  decades  12  and  H  are 
associated  with  stepper  E  and  if  the  switches  in  the  second  row  from  the  top 
are  set  at  3  and  8  respectively,  then  stopper  E  will  advance  from  stage  2  to  3 
and  the  decades  will  clear  b^ck  to  zero  when  tliis  pair  of  decades  stores  the 
nximber  38. 

Each  point  on  a  decade  switch  is  connected  to  the  normally  positive 
output  of  one  of  the  stages  of  the  decade  counter.  The  negative  signal  from  a 
stage  in  the  abnormal  5te,te  turns  off  the  inverter  associated  with  a  switch  set 
at  the  corresponding  number.  All  inverters  for  the  stage  s  decade  switches  are 
connected  to  the  stage  s  stepper  cycling  gate  (see  Section  10,3,2.)  of  the 
associated  stepper.  When  the  stepper  counter  is  in  stage  s,  the  stage  s  stepper 
cycling  gate  emits  a  signal  provided  that  all  the  inverters  for  stage  s  switches 
of  decades  associated  with  the  stepper  are  turned  off. 

The  output  of  the  stepper  cycling  gate  is  taken  (through  an  inverter) 
to  the  gates  numbered  Z^4  (preceded  by  B,  C,  .,,,,  or  L)  of  the  decades  associated 
with  the  stepper.  The  CPP  passed  through  these  gates  clears  the  decade  counters 
associated  with  the  stepper.  The  output  of  the  stepper  cycling  gates  also  goes 
(through  inverter  6U)  to  gate  63  in  the  stepper.  The  CPP  which  is  thus  allowed 
to  pass  throu^^h  gate  63  causes  the  stepper  counter  to  cycle  one  stage  at  the 
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same  time  that  the  associated  decades  are  being  cleared.  The  necessity  for 
providing  sufficient  time  for  gates  Uh  and  63  to  set  up  before  the  arrival  of 
the  CPP  they  are  to  pass  is  a  second  reason  for  feeding  only  program  pulses  to 
the  decade  direct  input  terndnals  (also  see  Section  10,3.2,2.) 

10,3.  STEPPERS 

Each  of  the  10  steppers  (A-K)  consists  of  a  6  stage  stepper  counter, 
a  stepper-counter  input,  a  stepper  clear  circuit,  a  stopper  input  (as  distinguished 
from  the  stepper-coxinter  input),  and  6  outputs.  For  convenience,  the  elements 
of  these  circuits  will  be  identified  with  reference  to  the  drawing  for  stopper  £, 
The  stopper  input  circuit  consists  of  a  stepper  input  terminal,  an 
input  flip-flop  (66,  67)  and  input  gate  (69),  buffers  (65  and  70)  and  an  in¬ 
verter  (68),  Each  of  the  6  outputs  consists  of  an  output  gate  (61-69),  a 
standard  transmitter,  and  an  output  terminal. 

The  stepper-counter  input  circuit  includes  a  pulse  standardizer  (21-23) 
an  inverter  (61)  and  buffer  (62)  and  can  be  entered  either  through  the  stopper 
direct  input  terminal  and  buffer  6l  or  through  the  circuit  containing  the  stepper 
cycling  gates  (B,  C  A8-50)>  inverter  64j  and  gate  63. 

The  stepper  clear  circuit  contains  an  inverter  (C46),  the  stepper 
clear  direct  input  terminal  and  buffer  B46,  the  stepper  clear  switch,  inverter 
B46  and  gate  B47. 

10.3.1.  Stepper  Input  and  Output  Circuits 

A  program  pulse  received  at  tho  end  of  addition  tine  t  or  a  group  of 
digit  pulses  received  early  (see  below)  in  addition  tine  t+1  by  the  stepper  input 
terminal  sets  the  input  flip-flop.  The  normally  negative  output  of  this  flip- 
flop  then  opens  gate  69  so  that  a  CPP  passes  through  at  the  end  of  addition  time 
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t+l.  It  is  to  be  noted  that  if  digit  pulses  are  fed  to  the  stepper  input,  they 
nust  be  pulses  which  begin  to  be  emitted  before  the  4P  (i.o,  no  later  than  pulse 
tine  6)  in  order  to  allow  tine  for  gate  69  to  sot  up  and  pass  the  CPP  which 
arrives  at  the  end  of  the  addition  tinoa  Since,  in  general,  one  does  not  know 
in  advance  tho  magnitude  of  a  number,  this  restriction  on  the  digit  pulses  which 
nay  be  delivered  to  the  stepper  input  is  equivalent  to  saying  that  the  only  digit 
pulses  which  may  be  brought  to  a  stepper  are  sign  pulses  since  the  9P  for  sign 
begin  to  be  emitted  early  enough  in  the  addition  time  cycle. 

The  output  of  gate  69  has  three  effects: 

1)  It  resets  the  input  flip-flop*. 

2)  Passed  through  invertor  68,  cathode  follower  70|  and  buffer  A43, 
it  causes  the  associated  group  of  decade  counters  to  be  cycled 
one  stage  in  units  place. 

3)  Passed  through  inverter  68  and  cathode  follower  70,  it  is  delivered 
to  the  stepper  output  gates. 

Each  of  the  6  output  gates  is  controlled  by  the  noraally  positive 
output  (through  an  inverter)  of  a  stage  of  the  stepper  counter.  Thus  the  pulse 
from  cathode  follower  70  is  passed  through  the  gate  and  the  transmitter  corres¬ 
ponding  to  the  stage  in  which  the  stepper  counter  is  at  the  end  of  addition 
time  t+1, 

li^  when  the  stepper  counter  is  in  stage  s,  the  stepper  input  alone  is 
pulsed,  the  output  pulse  is  thus  emitted  from  the  terminal  associated  with  stage  s. 
It  is,  however,  possible  to  pulse  both  the  stepper  input  and  stepper  direct  input 

*Since  this  flip-flop  is  reset  at  the  end  ^f  addition  time  t+1,  a  stepper  input 
must  not  be  pulsed  in  successive  addition  times,  Tho  same  restriction  is  also 
pertinent  to  the  use  of  program  controls  on  other  units. 
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terminal  (see  Section  10, 3*2. 1.)  at  the  same  time.  If  this  is  done,  the  output 
pulse  is  emitted  from  the  terminal  corresponding  to  the  stage  to  which  the 
stepper  counter  is  cycled  by  the  end  of  addition  time  t+1  as  a  result  of  the 
pulses  delivered  to  the  stepper  direct  input  terminal, 

10.3,2,  Cycling  a  Stepper  Counter 

k  stepper  counter  which  has  associated  decades  can  be  cycled  either 
by  pulses  received  at  the  stepper  direct  input  terminal  or  as  a  result  of  the 
fact  that  the  decades  have  counted  to  the  number  set  on  the  decade  switches 
corresponding  to  the  stage  in  which  the  counter  is.  A  stepper  without  decades 
(steppers  A  and  F  can  be  used  in  this  way)  can  be  cycled  only  by  pulse  input  to 
the  stepper  direct  input  terminal. 

10«3t2«l,  Stepper  Direct  Input 

A  pulse  received  at  a  stepper  direct  input  terminal  is  delivered 
through  tubes  61  and  62  and  the  pulse  standardizer  to  the  stepper  counter. 

Each  pulse,  whether  program  or  digit,  delivered  to  the  stepper  direct  input 
causes  the  counter  to  be  cycled  one  stage  immediately.  Notice,  no  output  pulse 
is  emitted  vdien  a  stepper  direct  input  is  pulsed, 

10.3*2,2.  Stepper  Cycling  Gates 

Each  stepper  cycling  gate  receives  as  one  input,  the  normally  positive 
output  (through  an  inverter)  of  a  stage  of  the  stepper  counter  and  as  its  second 
input,  the  outputs  of  the  inverter  tubes  connected  to  s  stage  decade  switches  of 
all  the  decades  associated  with  the  stepper.  Those  inverter  tubes  have  their 
plates  connected  in  parallel  to  a  common  load  resistor.  The  circuit  containing 
the  inverters  and  stepper  cycling  gates  is  such  that  even  if  only  one  of  the 
inverters  connected  to  a  switch  is  on,  the  gate  remains  closed.  In  this  way, 
a  stepper  cycling  gate,  emits  a  signal  only  if,  when  the  stepper  counter  is  in 
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stage  S|  all  the  associated  decade  counters  have  reached  the  stages  specified  by 
their  s  stage  decade  switches. 

The  output  of  a  stepper  cycling  gate  causes  a  CPP  to  be  passed  through 
each  of  the  gates  63  and  44  (preceded  by  B,  C,  ,,,,  or  L).  The  output  of  gate 
63  causes  the  stepper  counter  to  be  cycled  one  stage,  and  the  output  of  the  gates 
44  (preceded  by  B,  C,  L)  clears  the  associated  decade  counters. 

Notice  that  the  clearing  of  the  decade  counters  and  stepping  of  the 
stepper  takes  place  one  addition  time  after  the  decade  counters  arrive  at  the 
nunber  specified  by  the  decade  switch  settings  whether  the  decades  arrive  at 
this  number  because  of  pulse  input  to  the  decadd  direct  or  stepper  input  terminal. 
Thus,  if  the  stepper  input  is  pulsed  at  the  end  of  addition  tirae  t  or  early  in 
addition  tine  t+1  and  the  decade  counters,  as  a  result,  reach  the,-  sotting  of  the 
decade  switches  at  the  end  of  addition  time  t+1,  the  decade  counter  clears  to 
zero  and  the  stepper  counter  advances  one  stage  at  the  end  of  addition  time  t+2. 
But,  if  the  decade  counters  reach  the  switch  settings  as  a  result  of  pulsing  the 
decade  direct  input  at  the  end  of  addition  time  t,  the  stepping  and  clearing 
takes  place  at  the  end  of  addition  time  t+1, 

10.3.3.  Clearing  a  Stepper  Counter 

A  stepper  counter  clears  back  to  stage  one  as  the  result  of  pulse 
input  to  its  clear  direct  input  terminal  or  as  the  result  of  receiving  a  pulse 
when  it  is  in  stage  c  (the  number  set  up  on  the  stepper  clear  switch), 

10.3.3.1.  Stepper  Clear  Switch 

Each  point  of  the  stepper  clear  switch  is  connected  to  the  normally 
negative  output  of  a  stage  of  the  stepper  counter.  If  c  is  the  setting  of  the 
stepper  clear  switch,  then,  when  the  stepper  counter  reaches  stage  c,  the  signal 
which  passes  through  the  clear  switch  opens  gate  B47.  In  this  way,  the  next 
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pulse  from  buffer  62,  whether  derived  from  the  stepper  cycling  gate  circuit 
or  from  pulse  input  to  the  stepper  direct  input,  is  gated  throu^jh  B47  after 
passing  through  inverter  6^6,  The  output  of  gate  B47  inverted  by  C/lf6  clews 
the  stepper  counter  back  to  stage  1, 

The  circuit  containing  the  stepper  clear  switch  and  gate  B47  requlrea 
mere  time  than  that  between  successive  digit  pulses  if  it  is  to  operate  reliably. 
For  this  reason,  if  digit  pulses  are  ever  brought  to  a  stepper  direct  input 
terminal,  the  stepper  clear  switch  must  be  set  at  6.  With  the  stepper  clear 
switch  set  at  6.,  clearing  to  stage  one  results  from  the  fact  that  the  stepper 
counters  are  ring  counters* 

10,3.3.2.  Stepper JClear  Direct  Input 

Pulse  input  to  the  stepper  clear  direct  input  terminal  passes  through 
buffer  B46  and  Inverter  C46  and  initiediately  clears  the  stepper. 

If  another  pulse  attempts  to  cycle  the  stepper  at  the  same  time  that 
the  stepper  clear  direct  input  is  pulsed,  the  clearing  action  will  predominate 
because  the  clear  circuit  spreads  its  signal  out  in  time  sufficiently  for  this 
purpose , 

10,U,  PROGRAIMING  IKE  UASTER  PROGRAUUER 

One  aspect  of  master  programmer  control  is  provided  by  the  switch 
settings  (decade  assoeiator,  decade,  and  stepper  clear).  The  other  aspect  is 
the  input  terminal  (decade  direct,  stepper,  stepper  direct,  or  stepper  clear 
direct)  which  is  pulsed.  Table  10-1  summarizes  the  properties  of  the  master 
programmer  inputs. 

It  is  to  be  noted  that  in  the  master  programmer,  each  stepper  with 
its  associated  decades  functions  as  a  unit  independently  of  the  other  steppers 
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and  decades.  For  this  reason,  it  is  possible  to  stimulate  some  or  all  of  them 
simultaneously. 

It  is  even  permissible  to  pulse  more  than  one  of  the  input  terrairtals 
of  a  given  stepper-decade  combination  simultaneously.  For  example,  a  decade 
direct  input  terminal  and  a  stepper  input  terminal  may  be  pulsed  simultaneously 
because  the  cycling  of  the  decade  counters  due  to  the  former  is  coi^pleted  before 
that  due  to  the  latter  begins,  A  stepper  input  and  stepper  direct  input  terminal 
may  also  be  pulsed  siraultaneously  because  the  latter  affects  only  the  stepper 
counter  and  does  so  immediately  while  the  former  affects  the  decade  and,  if  it 
affects  the  stopper  counter,  does  so  two  addition  times  after  the  input.  On  the 
other  hand,  the  stepper  direct  input  should  not  be  pulsed  two  addition  tines  after 
the  stepper  input  or  one  addition  time  after  a  decade  direct  input  because  of  the 
conflict  that  would  arise  if  the  decade  counters  were  thus  cycled  to  the  settings  of 
the  decade  switches, 

10,5*  USES  OF  THE  MASTER  PROGRAMMER 

The  program  controls  of  the  master  programmer  make  this  unit  suitable 
for  link  or  digit  program  control  of  sequences  or  chains^  for  accumulating  values 
of  an  independent  variable  (or  even  serial  numbers),  and  for  extending  the  program 
control  facilities  of  other  units, 

10.5.1.  Link  Program  Control 

The  master  programmer's  contribution  to  the  link  programming  of  sequences^ 
sequences  iterated  into  a  chain,  chains  of  chains  and  various  other  program 
hierarchies  is  the  program  output  pulses  which  can  be  transmitted  through  any  of 
its  60  output  teminals. 
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The  stiaulation  of  sequences 

Tho  operator  can  provide  for  the  stinulation  of  any  given  sequence  by 
connecting  the  input  terminals  of  the  first  program  controls  used  in  the  sequence 
to  the  ssae  progra:n  lino  that  one  or  more  prograni  output  terminals  of  tho  master 
prograixier  are  connected.  To  stimulate  that  particular  sequence,  then,  a  pulse 
must  be  delivered  to  a  stepper  input  atatime  when  the  stepper  counter  will  be 
in  the  stage  associated  with  one  of  the  mister  programmer  output  terminals 
mentioned  in  the  previous  sentence.  Control  of  the  st&ge  of  the  stepper  counter 
laay  be  exercised  through  the  settings  of  the  decade  si^itches  or  by  pulsing  the 
stepper  direct  input  or  stopper  clear  direct  input.  The  pulse  wliich  must  be 
delivered  to  the  stepper  input  terminal  in  order  to  obtain  a  program  output  pulse 
may  be  derived  from  the  program  output  terrlnal  of  one  of  the  transceivers  used 
in  the  last  program  of  the  sequence  (see  problem  1,  Section  10,6.)  or,  in  more 
complex  problems,  may  even  be  obtained  from  another  master  programmer  output 
terminal  (see  problem  2,  Section  10,6.) 

10.5.1,2,  Iteration  of  the  sequences  of  a  chain 

To  secure  the  iteration  of  the  sequence  ef  c  chain  n  times  the  master 
programmer  r.TUst  be  set  up  to  transmit  a  program  output  pulse  through  an  output 
terminal  which  feeds  to  the  initial  progrrms  of  the  sequence  n  times  and  then 
to  transmit  a  pulse  through  an  output  terminal  which  does  not  feed  to  that 
sequence.  This  can  be  accomplished  by  setting  at  n  the  decade  switches  a.sso- 
dated  with  the  stepper  output  terminal  which  feeds  to  the  first  programs  of  the 
sequence  and  by  delivering  to  the  stepper  input  the  terninal  pulse  of  the  sequence, 
A  pulse  to  initiate  the  chain  must  be  delivered  to  this  stepper  input.  Then  on 
each  of  n  successive  occasions  whenever  the  stepper  input  receives  a  pdse,  a 
pulse  will  be  transmitted  to  stimulate  the  sequence.  The  nth  pulse  delivered 
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to  this  stepper  input  will,  moreover,  clear  the  decade  counters  to  zero  and 
cycle  the  stepper  counter  1  stage  so  that  the  delivery  of  another  pulse  to  the 
stepper  input  will  result  in  the  transmission  of  an  output  pulse  through  a  terminal 
other  than  the  one  which,  above,  was  described  as  being  connected  to  the  first 
program  controls  of  the  sequence, 

10,5,1.3.  The  stimulation  of  program  hierarchies 

In  general  one  stage  of  a  stepper  counter  roust  be  devoted  to  the  stimu¬ 
lation  of  a  single  sequence  or  to  the  stimulfition  of  a  chain  of  iterated  sequences. 
To  link  together  a  number  of  different  sequences  (where  some  or  all  of  the 
sequences  nay  be  chains)  requires  the  use  of  a  stepper  with  one  stage  of  the 
stepper  counter  devoted  to  each  seqixence  or  chain,  A  number  of  sequences,  each 
consisting  of  several  subsequences  of  the  kind  referred  to  in  the  previous 
sentence,  requires  the  use  of  one  stepper  for  the  main  sequences  and  one  stepper 
for  each  of  the  subsequences, 

A  stepper  must  have  associated  with  it  by  means  of  a  decade  associator 
switch  sufficient  decades  to  count  the  maximum  number  of  iterations  involved  in 
any  chains  controlled  by  that  stepper.  If  for  any  reason,  there  are  not  suffi¬ 
cient  decades  for  this  putpose,  the  decade  switches  correlated  with  several 
successive  stages  of  a  stepper  may  be  set  so  that  the  sum  of  the  decade  switch 
settings  is  the  required  number  and  the  corresponding  outputs  hooked  together 
to  the  same  program  line. 

The  clear  switch  of  the  stepper  must  be  set  to  the  number  of  sequences 
(or  sequences  of  chains)  to  be  controlled  by  the  stepper.  If  the  number  of 
sequences  to  be  linked  exceeds  6,  several  steppers  may  be  used  sequentially, 

10.5,2.  Digit  Program  Control 


If  it  is  desired  to  use  two  or  three  function  tables  to  list  the  values 
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of  a  single  function  instead  of  merely  one,  digit  control  of  the  program  of 
looking  up  a  function  is  needed  so  that  the  table  appropriate  to  the  value  of 
the  independent  variable  may  be  entered.  This  control  can  be  supplied  very 
easily  by  using  the  master  programmer. 

For  illustrative  purposes,  let  us  say  that  three  function  tables 
are  to  be  used  (the  case  in  which  only  two  are  used  may  be  treated  similarly 
except  for  minor  details).  Then  a  transformation  of  the  independent  variable 
will  be  made  which  will  cause  its  values  to  lie  between  zero  and  299  inclusive. 
The  program  (for  i  *■  1,  2,  3)  is  defined  as  the  program  of  entering  f\mction 
table  i  for  a  tabular  yalue.  The  problem.,  then,  is  to  stimulate  the  performance 
of  Pj^  if  the  digit  in  hundreds  place  of  the  independent  variable  is  i  -  1. 

The  operator  must  connect  three  successive  program  output  terminals 
of  a  stopper  to  three  program  lines  which  are  in  turn  connected,  one  each,  to 
the  program  input  terminals  on  function  tables  1,  2,  and  3  respectively  and  must 
provide  for  the  pulsing  of  the  stepper  direct  input  by  digit  pulses  fran  the 
hundreds  decade  line  of  the  accxumilator  storing  the  independent  variable.  The 
digit  pulses  may  be  those  transmitted  out  of  the  accumulator's  add  or  subtract 
output.  Which  stepper  output  terminals  are  made  to  correspond  to  programs  P^, 
T^2t  Pg  respectively  depends  on  whether  digit  pulses  from  the  add  or  subtract 
output  terminal  are  used.  The  stepper  input  must  also  be  pulsed  (either  at  the 
end  of  the  addition  time  just  before  the  stepper  direct  input  receives  the  digit 
ptilses  or  some  time  subsequent  to  that)  so  the.t  an  output  pulse  will  be  trans¬ 
mitted  by  the  stepper  through  the  output  teminal  associated  with  the  stage 
to  which  the  stepper  has  been  cycled  by  the  digit  pulses.  And  finally,  the 
stepper  clear  direct  input  should  be  pulsed  after  the  digit  discrimination  has 
been  completed  so  that  the  stepper  will  be  ready  for  use  in  the  next  digit  dis- 
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crimination  program  whan  needed. 

A  conceivable  motive  for  pulsing  the  stepper  direct  input  with  digit 
pulses  from  the  subtract  output  night  be  avoidance  of  tying  up  the  accumulator's 
add  output.  If  digit  pulses  from  the  subtract  output  are  used,  9i  8,  or  7  pulses 
will  be  received  at  the  master  programmer' s  stepper  direct  input  if  the  hundreds 
place  digit  of  the  argument  is  respectively  0,  1,  or  2,  Then  the  stepper  output 
terminals  corresponding  to  stages  4,  3>  ^nd  2  (with  the  stepper  clear  switch  set 
at  6)  respectively  of  the  stepper  counter  should  be  so  connected  as  to  deliver 
the  stimulating  program  pulses  for  programs  P^,  and  P^  respectively.  If 
digit  pulses  from  the  add  output  terminal  are  used,  then  the  stepper  output 
terminals  corresponding  to  stages  1,  2,  and  3  respectively  of  the  stepper  counter 
should  be  so  connected  as  to  deliver  the  stimulating  pulse  for  programs  P^, 
and  Pj  respectively. 

Steppers  A  or  F  Ydth  zero  decades  associated  are  especially  suited 
to  digit  discrimination  programs.  Any  other  stepper,  however,  may  be  used.  If 
a  stepper  with  decades  is  employed,  two  alternative  methods  for  setting  the 
decade  switches  exist! 

1)  the  decade  switches  corresponding  to  stage  1  of  the  stepper  counter 
may  be  set  at  a  muiiber  exceeding  the  nurober  of  times  the  digit 
discrimination  program  will  occurj 

2)  the  decade  switches  corresponding  to  the  various  stages  of  the 
stepper  may  all  be  set  at  1, 

Vihether  a  stepper  with  or  without  decades  is  used,  provision  must 
be  made  for  clearing  the  stepper  counter  back  to  stage  one  sometime  before  the 
next  digit  dis crimination  program  occurs.  This  may  be  done  by  pulsing  the 
stepper  clear  direct  input*  If  the  stepper  input  is  pulsed  in  addition  time  t, 
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the  stepper  clear  direct  input  nay  be  pulsed  in  addition  time  t+1  when  a  stepper 
without  decades  is  used  or  when  a  stepper  with  decades  whose  stage  one  decade 
switches  have  been  set  at  a  number  greater  than  the  number  of  times  digit  dis¬ 
crimination  occurs  is  used.  This  allows  sufficient  tliae  for  the  stepper  to  emit 
a  program  output  pulse  from  the  output  terminal  corresponding  to  the  particular 
stage  to  which  the  digit  pulses  cycled  the  stopper.  If  there  are  decades  asso¬ 
ciated  with  the  stepper  used  for  digit  discrimination  and  if  the  decade  switches 

of  the  various  stages  used  are  set  at  1,  the  stepper  counter  should  not  be  cleared 

the  end  of 

to  stage  1  sooner  than ^ddition  time  t+2  since,  in  addition  time  t+2,  a  pulse  will 
try  to  cycle  the  stepper  counter  due  to  the  fact  that  the  decade  counter  has  been 
cycled  to  stage  1, 

A  digit  discrimination  program  where  the  possibilities  are  limited  to 
6  consecutive  digits  may  be  treated  in  a  fashion  similar  to  that  described  above 
except  for  obvious  modifications,  A  digit  discrimination  program  calling  for  the 
stimulation  of  if  digit  i  (where  o ^i  <9)  appears  in  decade  k  requires  more 
extensive  modification. 

This  problem  may  be  handled  in  two  steps!  l)  discriminate  to  determine 
whether  the  digit  is  between  zero  and  four  inclusive  or  between  5  and  9  inclusivei 
2)  using  two  different  steppers  for  the  two  ranges  mentioned  above,  discriminate 
among  5  consecutive  digits. 

Table  10-2  shows  one  jjossible  method  of  carrying  out  this  problem  and 
Figure  10-1  presents  a  visual  summary  of  this  set-up.  Figure  10-2  (a,  b,  and  c) 
shows  the  program  and  digit  connections  and  switch  settings  required  to  carry  out 
this  digit  discrimination  program.  The  notation  for  tlie  master  programmer  in 
Ta.ble  10-2  and  in  Figure  10-2  is  explained  at  the  beginning  of  Section  10,6, 

Stop  1  of  this  digit  discrimination  program  is  handled  by  transmitting 
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the  number  stored  in  accumulator  12  to  accumulator  14  where  it  is  received 
through  a  special  deleter  which  eliminates  all  of  the  decade  lines  except 
decade  k.  The  significant  figure  switch  on  acctimulator  14  is  set  to  10-k  so 
that  this  accumulator  clears  to  5  ija  decade  k*  Now,  if  the  digit  stored  in 
decade  k  of  accumulator  12  does  not  exceed  4»  decade  k+1  of  accumulator  14  will 
store  zero;  if  the  digit  stored  in  decade  k  of  accumulator  12  is  between  5  and 
9  inclusive,  decade  k+1  of  accumulator  14  stores  1, 

The  next  step  of  the  program  consists  of  transmitting  the  addition 
output  of  decade  line  k+1  from  accumulator  14  to  the  direct  input  of  stepper  E 
and  simultaneously  the  digit  pulses  of  the  out out  of  decade  line  k  to  the  direct 
inputs  of  steppers  A  and  F,  The  program  output  pulse  from  the  program  control 
on  accuraulator  14  used  for  the  previously  mentioned  program  is  delivered  to  the 
input  terminal  of  stepper  £«  If  the  digit  stored  in  decade  k  of  accumulator  12 
does  not  exceed  4>  the  output  terminal  corresponding  to  stage  1  of  stepper  E 
delivers  a  pulse  to  Fi.  Stepper  F,  acting  on  the  information  which  it  received 
from  the  addition  output  of  accumulator  14,  then  transmits  an  output  pulse  to 
stimulate  program  Pq,  P^,  or  P^.  If  the  digit  stored  in  decade  k  of 

accumulator  12  exceeds  4>  the  output  tenninal  corresponding  to  stage  2  of  stepper 
E  delivers  a  pulse  to  A^,  Stepper  A  then  emits  a  pulse  to  stimulate  Pj,  P^, 
or  Pg, 

The  pulse  output  from  the  terminals  corresponding  to  stages  1  and  2 
of  stepper  E  is  also  taken  to  a  program  control  on  accumulator  12  irtiose  repeat 
switch  is  set  at  2,  The  output  pulse  from  this  transceiver  is  \ised  to  cle2ur 
steppers  A,  E,  and  F  back  to  stage  1, 


10,5 «3»  Accumulating  Values  of  an  Independent  Variable 

The  master  programmer  is  a  convenient  unit  for  accumulating,  storing 
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and  printing  values  of  the  independent  variable.  This  raay  be  done  by  delivering 
to  a  decade  direct  input,  the  number  of  pulses  by  which  the  value  of  the  in¬ 
dependent  variable  is  to  be  increased  at  a  given  time  or  by  pulsing  a  stepper 
input.  In  the  latter  case,  the  stepper  input  must  be  pulsed  in  several  different 
addition  tines  if  the  independent  variable  is  to  be  increased  by  more  thaua  1  unit 
at  a  time.  At  the  present  time,  decades  lA  through  18  inclusive,  aure  connected 
to  the  printer.  Therefore,  it  is  desirable  to  chooso  from  among  these  the 
decades  to  be  used  for  the  accumulation  of  the  independent  variable. 

The  decade  switches  associated  with  the  stepper  counter  stage  involved 

in  accumulating  the  independent  variable  should  be  set  to  a  number  one  higher 

✓ 

than  the  maximum  value  of  the  independent  variable  to  be  counted  so  that  the 
decade  counters  will  not  clear  to  zero  before  printing  is  accomplished  (see 
Section  10.2,2,),  After  the  last  printing  takes  place,  the  decade  counters  may 
be  cleared  to  zero  by  feeding  one  more  pulse  to  either  the  decade  direct  Input 
or  to  the  stepper  input  after  printing.  In  the  event  that  the  criterion  for 
printing  the  final  result  is  something  other  than  a  certain  value  of  the  irt- 
dependent  variable  (see  Problem  2  of  Section  10,6,),  it  may  be  necessary  to 
Include  a  program  sequence  designed  to  clear  the  decade  counters, 

10,5,4.  Extending  the  Program  Control  Facilities  of  Other  Units 

Shpuld  the  number  of  program  controls  on  a  particular  unit  prove  in¬ 
adequate  for  some  coti{>utation,  the  master  progranmer  may  be  enysloyed  so  as  to 
make  possible  the  repeated  use  of  program  controls  on  that  unit  at  various 
times  in  the  set-up. 

One  way  to  accomplish  this  is  to  deliver  the  final  pulse  of  the 
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sequence  which  precedes  the  prograra  set-up  on  a  repeated!/  used  progran 
control  .  to  that  control.  Then  the  program  output  pulse  of  the  program 
which  is  used  repeatedly  goes  to  the  master  programmer  stepper  which  determines 
which  sequence  to  stimulate  subsequently. 

Let  us  suppose j  for  example,  that  program  control  26  on  the  constant 
transmitter  is  to  be  used  twice  in  a  computation,  with  progiiams  and 
respectively  preceding  and  follcwing  the  first  use  of  this  constant  transmitter 
control  and  with  programs  Qq  and  respectively  preceding  and  following  the 
second  use  of  the  same  constant  tranaaitter  control.  By  delivering  the  program 
output  pulse  of  the  controls  on  which  programs  P^  and  Qq  are  set  up  to  the 
program  pulse  input  terminal  of  control  26  on  the  constant  transmitter,  pro¬ 
vision  is  made  for  stimulating  this  control  on  each  occasion.  If,  however, 
the  program  output  pulse  of  program  control  26  must  stimulate  program  P^  once 
and  the  next  time,  program  Q^,  this  cannot  be  done  directly.  Instead,  the 
output  of  prograra  control  26  is  taken  to  a  master  programaer  stepper  which 
determines  whether  to  stimulate  program  P^  or  Q^. 

When  high-speed  niultiplier  or  divider  and  square  rooter  program 
controls  are  used  repeatedly  in  this  way,  the  problem  of  stimulating  the 
accumulators  which  store  the  arguments  to  transmit  may  arise.  The  function 
table  or  another  master  programmer  stepper  may  be  used  to  provide  for  this 
stimulation.  The  illustrative  problem  of  Section  8,7.  illustrates  the  re¬ 
peated  use  of  high-speed  multiplier  program  control  through  the  use  of  the 
master  programmer  (see  Figure  8-2  with  particular  attention  to  the  use  of 
steppers  D-K). 

In  Section  4,5.2,  the  use  of  dummy  programs  set  up  on  accumulators 
for  the  delay  of  a  program  pulse  was  suggested  and,  in  Section  7*4»  the  use 
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of  a  function  table  program  to  achieve  a  longer  delsy  than  is  possible  with 
a  single  accumulator  control  was  mentioned,  "n  alternative  method  of  delaying 
a  program  pulse,  and  one  which  is  practicable  for  long  delays,  can  be  achieved 
through  the  use  of  the  master  programer.  This  use  of  the  master  programmer 
is  illustrated  in  Figure  10-3, 

10.6,  ILLUSTRATIVE  FROBiai  SET-UPS 

Two  problems  are  offered  in  this  section  to  illustrate  the  use  of 
the  master  programmer  in  central  programming.  Problem  1  uses  only  link  control 
to  stimulate  its  sequences.  Problem  2  is  more  con^}lex  involving  both  link  and 
magnitude  control  and  the  use  of  the  master  programmer  to  accianulatc  the  in¬ 
dependent  variable. 

Both  problems  are  described  with  reference  to  a  set-up  a^nalysis 
table,  a  figure  showing  the  master  programmer  links,  and  a  setnip  diagram.  For 
problem  2,  moreover,  there  is  a  set-up  table. 

In  the  det-Up  analysis  tables  a  decimal  notation  Is  used  to  identify 
the  program  sequences  s^sequences,  'The  number  -^epartited  from  the  sequence 
identification  decimal  by  a  dash  indicates  the  number  of  times  the  sequence  is 
to  be  iterated  into  a  etiELin.  For  example,  the  symbols 

2-6 

2.1  -  10  integrate 

2.2  -  1  print 

are  used  to  mean  that  sequence  2,  which  consists  of  a  subsequence,  2,1,  to  be 
iterated  into  a  chain  by  its  successive  performance  10  times  and  another  sub¬ 
sequence,  2,2,  to  be  performed  only  once,  is  itself  to  be  iterated  6  times. 

In  set— up  tables,  (see  Table  10-t5)  instructions  for  the  master 
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prograramer  are  given  in  a  double  column.  The  input  terminal  and  program  line 
from  which  it  receives  a  pulse  appear  in  the  left  hand  half  of  the  column.  The 
program  line  designation  appears  above  or  below  the  symbol  for  the  input  terminal 
according  as  the  line  carries  a  program  pulse  or  digit  pulses.  The  o\.itput  ter¬ 
minal  through  which  a  program  output  pxilse  (if  any)  is  transmitted  and  the  program 
line  to  which  the  output  pulse  is  delivered  appear  in  the  right  hand  half  of  the 
column. 

The  set-up  diagram  conventions  for  the  master  programmer  are  shown 
in  Figure  10-4.' 

The  master  prograiaaer  link  diagrams  are  essentially  block  diagrams 
designed  to  s'atinarize  the  way  in  which  the  various  program  sequences  of  a  problem 
are  tied  together  by  the  master  programmer.  The  conventions  used  in  these 
diagrams  appear  at  the  lower  left  of  Figure  10-1,  On  these  diagrams,  we  have 
used  two  different  symbols  for  dumay  programs,  namely  — ^  *r— ■  and  , 

This  is  done  to  distinguish  between  the  purposes  for  which  the  dummy  programs  are 

used,  A  dummy  program  used  to  isolate  program  pulses  is  symbolized  by  -  ■  *  - - > 

one  used  to  achieve  a  delay  of  d  addition  times  by  (3)  , 

10,6,1.  Problem  1 

Problem  1  suggests  a  possible  method  of  setting  up  the  ENIAC  to 
confute  the  trajectories  needed  to  make  an  anti-aircraft  table.  The  number  of 
trajectories  to  be  computed  has  arbitrarily  beeil  taken  as  200,  The  nximber  of 
integration  stops  performed  before  printing  has  also  been  arbitrarily  taken  as 
10,  and  It  la  assumed  here  that  60  integration  steps  will  adequately  cover  the 
required  range.  Obviously,  numbers  other  than  these  could  be  chosen  at  the 
operator's  discretion  and  convenience.  Sequences  3  and  U  (see  Table  10-3 
Figure  10-5)  together  constitute  a  test  run. 
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In  sequence  3>  this  sci-up  assumes  that  the  initial  conditions  for 
the  test  run  will  be  read  from  an  lEU  card  different  from  the  one  which  held 
the  initial  conditions  for  the  previous  trajectory,  This  is  not  meant  to  in¬ 
dicate  that  such  a  procedure  is  the  only  possible  one*  Depending  on  the  amount 
of  infomation  to  be  put  on  the  IBU  cards  or  to  bo  set  up  on  the  constant  set 
switches  of  the  constant  transmitter,  the  initial  conditions  of  the  test  nan 
could  be  put  on  the  same  lEU  card  as  those  for  the  parevious  trajectory  or  set¬ 
up  manually  on  the  constant  transmitter. 

Stepper  C  (with  decades  14-18  associated)  is  used  to  count  the 
number  of  trajectories  (see  Section  9,4>).  After  200  tra^ctories  have  been 
computed  further  computation  sequences  will  nob  be  initiated*  As  stepper  C  is 
set  up  here,  the  200th  qard  will  be  punched  with  serial  number  zero* 

Four  stages  of  stepper  coaintar  A  are  used  to  advance  the. computation 
through  Its  four  main  sequences*  Stage  1  of  stepper  counter  D  is  devoted  to 
the  ehain  of  10  integrations  (2.1-10  and  4*I*-10)  and  stage  2  to  the  printing 
sequence  (2*2-1  and  4.2*1)* 

10*6,2,  Problem  2 

This  problem  set-up  again  Involves  the  sequential  computation  of  a 
number  of  trajeetorie*.  Here,  however,  the  set-up  is  one  that  would  be  suitable 
for  ground  gunfire  trajectories,  Hesults  are  printed  not  after  a  constant  number 
of  integration  sequences  (and  thus,  at  even  intervals  of  tine  if  time  is  the  in¬ 
dependent  variable)  but,  instead,  only  in  the  neighborhood  of  the  sunmit  and 
ground.  This  is  accomplished  following  each  integration  sequence  with  a  test 
to  determine  the  magnitude  of  y'  or  y.  When  the  projectile  goes  below  ground, 
computations  cease,  a  test  run  is  parfomed,  and  then  the  next  trajectory  is 


initiated' 


TABLE  10-k 


SET-UP  ANALYSIS  ~  PROBLEM  2 


1- 1  Initial  Sequence 

Read  IM  card  and  selective  clear 

Transmit  initial  conditions  from  constant  transmitter  to  accumulators* 

2-  Until  J-+C2  <^0  (see  Seq,  2.5)  below, 

2.1- -1  Integrate 

2.2-  Repeat  as  long  as  y'-Cj_  ^0 
Test  y*-ci  and  then  integrate 

2.3-  Repeat  as  long  as  y'+c^^O 

Test  y’+Cj^,  print,  and  then  integrate 
2. A-  Repeat  as  long  as  y  -  C2  7»-  0 

Test  y  -  c^  and  then  integrate 
2,5-  Repeat  as  long  as  y  +  C2  jj,  0 

Test  y  +  C2,  print,  and  then  integrate 

3- 1  Pr5nt 

A-l  Clear  the  decades  cf  the  master  programmer  which  have  been  accumulating 
the  independent  vexiable  and  clear  all  other  steppers  which  require 
clearing  in  preparation  for  the  next  trajectory  computation, 

5-1  Test  run 

5.1- 1  Transfer  initial  conditions  from  constant  transmitter  to 

accumulators 

5.2- 10  Integrate 

5.3- 1  Print 

It  is  assumed  here  that  the  initial  conditions  for  the  test  run  are  set  up  on 
the  constant  set  switches  of  the  constant  transmitter  or  read  from  the  IBM  card 
for  the  previous  trajectory  so  that  a  new  card  need  not  be  read  for  the  test 
run's  initial  conditions. 
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The  sequence*  of  this  problem  are  defined  in  table  10-4*  Sequences 

1  through  3  cover  the  computations  for  a  trajectory.  The  breakdown  of  sequence 

2  into  its  component  subsequences  is  shown  pictorially  in  Figure  10-7* 

It  is  assumed  in  this  set-up  that  the  value  of  the  independent  variable 
is  stored  in  and  printed  from  decades  14-18  (associated  with  stepper  C)  of  the 
master  progranmar ,  Computation,  for  a  given  trajectory,  ceases,  not  at  a  fixed 
V:.]ue  of  the  independent  variable,  but  when  the  projectile  has  gone  past  ground 
rarge  (see  Figure  10-7) •  This  means  that  the  decade  switches  associated  with 
,'3tage  1  of  stepper  counter  C  must  be  set  at  a  number  safely  in  excess  of  the 
highest  value  of  the  independent  vajfiable  that  can  be  c:q>ected  in  any  of  the 
trajectory  computations,  (For  the  problem  under  discussion,  we  will  arbitrarily 
take  this  number  to  be  80,0  with  tenths  place  registered  in  master  progranmer 
decade  14),  Furthermore,  we  cannot  depend  on  clearing  decades  14-18  as  a  result 
of  arriving  at  the  sotting  of  the  decade  switches  associated  with  stage  1  of 
stepper  C,  For  this  reason,  sequence  4  is  included  in  the  sot-up.  The  details 
for  carrying  out  this  sequence  will  be  explained  in  section  10,6.2,2. 

dtjquoncc  5  constitutes  a  test  run.  The  plan  of  the  problem  calls  for 
a  test  run  after  each  trajectory  has  been  completed. 

The  raster  progr^jiimer  links  for  this  problem  are  shown  in  Figure  10-8. 
Steppers  A,  C,  D-  E,  and  F  are  used. 

Stepper  A  controls  the  main  sequences  of  the  computation  with  the  out¬ 
put  of  stage  i  stimulating  sequence  i+1.  Stepper  C  records' the  value  of  the 
independent  variable  and  steppers  C  and  D  have  been  so  interrelated  as  to  make 
pcssibla  the  clearing  of  decades  14-18  after  the  projectile  goes  below  ground, 

Tue  same  integration  sequence  is  performed  as  a  subsequence  of  both  sequence  2 

tjfeiuence  5 ,  SLepper  E  is  used  to  choose  the  routine  to  be  performed  after 
rin  i.c-  iueacL-  2,  hc-w'Tver,  the  integration  sequence  is  accompanied  by  programs 
concerned  with  accumulating  the  independent  variable.  In  Sequence  5>  w®  do  not 
record  tiae  independent  variable. 
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integration,  with  stage  1  motivating  the  routine  in  sequence  2,  and  either 
stage  3  or  4,  the  routine  in  sequence  5,  Stage  one  of  stepper  E  routes  control 
to  stepper  F,  This  stepper  participates  in  sequence  2,  dotemiining  which  of 
the  subsequences  of  sequence  2  is  to  be  performed  at  any  given  time. 

10.6.2.1.  Sequences  1,  ^  and 

The  initiating  pulse,  at  the  very  beginning  of  a  computation,  and 
thereafter,  the  output  of  stage  5  of  stepper  A  stimulates  the  performance  of 
sequence  1  and  thus  initiates  the  computations  for  a  trajectory  and  its  test 
run. 

The  final  pulse  of  sequence  1,  pulse  1-2,  goes  to  stepper  A.  Pulse  2-1, 
delivered  by  stimulates  the  performance  of  sequence  2.1  (integration)  and 
also  causes  the  value  of  the  independent  variable  to  be  increased.  It  is  assumed 
here  that  the  increment  to  the  independent  variable  is  0.2  (see  Section  10.6.2.2.). 
Pulse  2-1,  thru  dummy  program  ll  goes  to  the  direct  input  of  decade  14  and  to  Ci 
to  produce  the  required  increment.  Dummy  program  M  is  used  to  isolate  the  pulse 
which  goes  to  Ci  and  to  14  di  from  the  pulse  which  stimulates  the  integration 
sequence  since,  in  sequence  4i  shall  desire  to  stimulate  Cl  and  14  di  without 
stimulating  the  other  programs  initiated  by  pxilse  2-1  (also  see  Section  10,6,2,2,), 
DumiiQr  program  N  intervenes  between  2-1  and  the  pulse  which  stimulates  the 
integration  sequence,  pulse  2-3>  since,  in  sequence  5#  it  is  necessary  to  stim¬ 
ulate  the  integration  sequence  without  stimulating  the  associated  programs  of 
sequence  2,  Pulse  2-1  is  also  t£dcen  to  E  cdi  to  return  stepper  E  to  stage  1 
as  long  as  sequence  2  is  performed. 

The  terminal  pulse  of  the  integration  secjience,  pulse  2-7,  goes  to  Ei 
of 

and  the  output.  E,  0  stimulates  Fi.  Before  the  summit  range,  stepper  F  is  in 

A  X 

stage  1  so  that  pulse  2-10  is  emitted.  This  pulse  stimulates  the  performance  of 
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the  test  on  y’-c^  (see  Section  10.6,2,4.  for  details  of  the  tests  in  sequences 
2, 2-2, 5)  and  through  dummy  program  P,  brings  the  computation  back  to  2-1  which 
initiates  the  programs  discussed  in  the  previous  paragraph,  Dummy  program  P 
isolates  the  integration  sequence  from  the  test  of  y'-C2_  so  that  .later  (as  in 
sequence  2,4)  the  integration  maybe  performed  with  a  different  test.  As  long 
as  y'-Cj^  remains  non-negative  stepper  F  remains  in  stage  1,  vVheri  y*-C]_  is 
negative  for  the  first  time,  the  test  on  this  quantity  yields  pulse  2-9  which 
advances  stepper  F  to  stage  2,  V/hile  the  test  on  y'-c^^  goes  on,  the  pulse  emitted 
by  dummy  program  P,  initiates  the  integration  sequence. 

VJhen  the  integration  sequence  is  completed,  pulse  2-7  is  emitted,  and 
then  pulse  2-8,  This  time,  stepper  F  is  in  stage  2  so  that  pulse  2-11  is  emitted 
by  stepper  F.  Pulse  2-11  stimulates  the  test  on  y'+cj^  and,  through  dummy  program 
Q,  causes  the  emission  of  pulse  1-2,  Since  pulse  1-2,  given  out  as  the  terminal 
pulse  of  sequence  1,  advances  stepper  A  to  stage  2,  this  time,  pulse  1-2  causes 
stepper  A  to  emit  pulse  3-3  (and  advance  to  stage  3),  This  pulse  stimulates 
printing.  Pulse  2-11  is  also  taken  to  dummy  program  R  for  a  delay  of  4  addition 
times.  Dummy  program  R  emits  pulse  1-3  which  clears  stepper  A  back  from  stage  3 
to  stage  1  so  that  when  the  printing  is  completed  with  the  emission  of  pulse  1-2, 
stepper  A  again  emits  pulse  2-1  (and  advances  to  stage  2).  Pulse  2-1  stimulates 
the  performance  of  the  integration  sequence  and  associated  programs.  Sequence 
2,3  is  then  repeated  until  y’+Cj^  becomes  negative.  At  that  tine  stepper  F 
advances  to  stage  3.  Vflienever  integration  is  completed  in  this  phase  of  sequence 
2,  pulse  3-1  is  given  out.  This  pulse  stimulates  the  test  on  y-C2  and,  through 
dummy  program  S,  stimulates  the  integration  sequence  as  was  described  above  for 
sequence  2.2, 
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When  y^C2  bee  canes  negative,  stepper  F  is  advrnced  to  stage  U*  In  this 
part  of  sequence  2,  pulse  3-2  stimulates  the  test  of  y+C2  and,  through  dununy 
programs  T  andU ,  stimulates  printing  and  then  integration  as  described  above 
for  sequence  2,3, 

When  y*'C2  is  negative  for  the  first  time  pulse  2-9  is  given  out  so  that 
stepper  F  advances  to  stage  5. 

Thus,  when  the  integration  initiated  after  the  test  which  yields 
y-»-C2^0  has  been  completed,  pulse  1-2  is  emitted  by  F^O, 

Pulse  1-2  finds  stepper  A  in  stage  2  so  that  pulse  3-3  is  given  out  and 
printing  is  stimulated.  This  completes  sequence  3. 

We  note  that  at  the  end  of  sequence  3  the  following  state  of  affairs 

exists  in  the  master  programmer; 

Siepper  Stage  of  Stage  of 

Stepper  associated  decades 

A  3  0 


C 

D 

£ 

F 


1 

1 

2 

5 


d  <  800 

0  (see  Section  10,6.2,2.) 
0 

no  decades. 


10,6.2.2.  Clearing  the  Decades  which  Store  the  Independent  Variable:  -  Sequence 
In  the  course  of  sequence  2,  we  have  been  Increasing  the  value  of  the 
independent  variable  by  2  in  decade  14  with  every  repetition  of  the  integration 
sequence.  Pulse  2-2,  taken  to  the  decade  direct  input,  accounts  for  an  increase 
of  1  unit  and,  taken  to  Ci,  accounts  for  an  increase  of  one  more  unit.  Pulse 
2-2  also  causes  pulse  2-4  to  be  emitted.  This  pulse  goes  to  Di  causing  stepper 
D  to  advance  to  stage  2  and  pulse  2-5  to  be  emitted.  This  pulse,  delayed  for 
two  addition  times  by  dummy  program  W,  restores  stepper  D  to  stage  1  as  long  as 
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sequence  2  is  in  progress. 

At  the  end  of  sequence  3  (the  lc.st  printing  for  a  trajectory),  pulse 

1- 2  is  delivered  to  Ai.  Pulse  1-1  is  then  given  out  by  A^O  and  stepper  A  advances 
to  stage  1. 

Pulse  1-1  advances  stepper  D  to  stage  2  and,  through  dumray  program  V, 
goes  to  both  Ci  and  14  di.  Since  we  assumed  that  the  settings  of  the  decade 
switches  associated  with  stage  1  of  stepper  C  safely  exceeded  the  maximum  value 
of  the  independent  variable,  stepper  C  is  found  in  stage  1  at  this  time.  Thus 

2- 4  is  given  out  to  stiimilate  Di  and,  because  4-1  advanced  stepper  D  to  stage  2, 
pxilse  4-3  is  emitted.  One  addition  time  after  pulse  4-3  is  given  out  stepper  D 
cycles  back  to  stage  1,  However,  pulse  1—3,  delayed  for  two  addition  tim@s  by 
dummy  program  X,  yields  4-1,  Pulse  1-1  then  causes  the  repetition  of  the  programs 
described  at  the  beginning  of  this  paragraph. 

Now,  let  us  assume  that  the  last  printing  for  a  trajectory  takes  place 

when  the  independent  variable  has  the  value  10“^  (800  -2m).  Then,  the  output  of 

A^O  causes  the  decades  of  stepper  C  to  register  800  -2  (m-1)  and,  finally, 

causes  dummy  program  X  to  emit  a  pulse  for  the  1st  time.  This,  in  turn  causes 

the  decades  of  stepper  C  to  advance  to  800-2(mr-2)  and  causes  dumray  program  X 

to  emit  pulse  4-1  for  the  2nd  tine  etc.  The  (m-1)  st  pulse  emitted  by  dummy 

program  X  causes  decades  11-18  to  reach  800  and  also  causes  the  emission  of  2-4 

which  results,  finally,  in  the  emission  of  pulse  4-1  by  dummy  program  X  for  the  r- 

m^^  time.  Stepper  C  advances  to  stage  2  and  its  decades  clear  to  zero  before  the 
th 

m  pulse  from  dummy  program  X  causes  Ci  to  be  pulsed  again.  Therefore,  this  tine 
pulse  4-1  causes  pulse  4-2  to  be  emitted  from  C2O,  Pulse  4-2  goes  to  F  cdi  to 
restore  this  stepper  to  stage  1,  Since  the  m.^^  pulse  emitted  by  dummy  program  X 
steps  D  to  stage  2,  it  is  necessary  also  to  clear  stepper  D  in  preparation  for  the 
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trajectory  to  follovi  the  test  run.  This  is  done  by  the  output  of  dvamy  program 

Z ,  Pulse  4-2,  through  durany  program  Y,  yields  1-2  which  goes  to  Ai.  Pulse  5-1, 

the  output  of  A  0,  initiates  sequence  5, 

4 

It  is  to  be  noted  that  the  method  described  above  for  clearing  stepper 
C  requires  that  the  settings  of  the  decade  switches  for  stages  1  and  2  be  multiples 
of  the  increment  to  the  independent  variable, 

10,6,2,3.  Sequence  5. 


the  accumulators  used  for  integration  and  printing  are  cleared  and  in  which  the 
Initial  conditions  for  the  test  run  are  transferred  from  the  constant  transmitter 
to  accumulators.  The  last  pulse  of  sequence  5,1,  pulse  2-7,  is  delivered  to  Ei, 
Pulse  2-%  emitted  from  E^O,  stimulates  the  performance  of  the  Integration 
sequence.  After  10  integrations  have  been  stimulated,  E  advances  to  stage  3 
so  that  pulse  2-7,  delivered  to  Ei  at  the  end  of  the  10th  integration,  causes 
3-3  to  be  emitted.  Pulse  3-3  stimulates  printing  and  the  output  of  the  printing 
,  pulse  1-2,  causes  stepper  A  to  eniit  pulse  1-1  from  A^O  and  then  to  return  to 
stage  1,  Pulse  1-1  initiates  the  confutations  for  the  next  trajectory.  No 
provision  has  been  made  for  counting  the  number  of  trajectory  computations  and 
terminating  computations  after  a  specified  number.  Instead,  we  rely  upon  the 
exhaustion  of  the  cards  in  the  reader’ s  magazine  to  terminate  computation  ( see 
Chapter  VIII ), 

10,6.2,4,  Tests  on  y  and  y' 

The  tests  on  y’-c^,  y* +Cj^  etc,  included  in  sequence  2  are  described 
with  the  aid  of  Table  10-5  and  Figure  10-9  (a-c).  All  4  tests  have  been  planned 
in  such  a  way  as  to  use  the  same  program  controls  wherever  possible.  In  table 

10-5  the  program  controls  used  in  each  of  the  4  tests  are  stiinulated  by  pulses 
carried  in  program  tray  7;  those  controls  common  to  only  2  of  the  tests  are 
stiinulated  by  pulses  carried  in  program  tray  6. 
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XI,  SYKCHRONIZING,  DIGIT,  AND  PROHRAM  TRANSMISSION  SYSTEMS  AND  SPECIAL  EQUIPMENT 

There  are  three  principal  types  of  dynamic  communication  between  units 
of  the  ENIAC;  l)  communication  of  the  synchronizing  pulses  and  gates,  2)  digit 
pulse  communication,  and  3)  program  pulse  communication.  These  three  types  of 
COTimunication  are  accomplished  through  the  use  of  conductors  mounted  in  trays, 
which,  except  for  their  outlets,  are  identical  for  all  three  purposes.  Each 
tray  has  a  ground  and  11  conductors  separated  from  one  another  by  metal  shields 
and  has  the  dimensions  8  ft,  x  9  in,  x  1,25  in.  Since  each  panel  of  the  ENIAC 
is  two  feet  wide,  each  tray  extends  the  length  of  A  panels.  Found  at  both  ends 
of  a  tray  is  a  12  point  terminal.  Trays  can  be  connected  serially  to  one  another 
by  jumper  connections  between  these  end  terminals,  Comraunication:"Of  types  1  and 
2  above  is  by  means  of  so  called  digit  trays.  These  have  twelve  point  termi¬ 
nals  at  2  foot  intervals.  The  digit  tray  is  shown  on  PX-A-102,  Program  trays 
which  have  a  set  of  11  two  point  (1  wire  and  ground)  outlets  at  2  foot  intervals 
are  used  for  communication  of  type  3,  The  units  of  the  ENIAC  are  connected  into 
these  trays  by  ineeuis  of  digit  or  program  cables. 

The  synchronizing,  digit,  and  program  transmission  system  and  associated 
equipment  such  as  load  resistors,  shifters,  deleters,  etc.  are  discussed  in  the 
following  sections:  Transmission  of  Synchronizing  Pulses  and  Gatos,  Section  ll.lt 
Transmission  of  Digit  Pulses,  Section  11. 2j  and  Transmission  of  Program  Pulses, 
Section  11,3.  Pulse  amplifiers  which  may  be  used  in  either  the  digit  or  program 
transmission  system  are  discussed  in  Section  11,4» 

The  semi-permanent  connections  between  accumulators  and  the  printer, 
high-speed  multiplier,  and  divider  and  the  interconnection  of  accumulators  are 
treated  in  Section  11,5, 


XI  -  2 


A  portable  control  box  which  parallels  cortain  controls  on  the 
Initiating  and  cycling  units  is  discussed  in  Section  11.6, 

U.l.  STOCIffiONIZING  TRUNK 

Nino  di.git  trays  connect ed  in  series  by  .iumpers  from  the  synchronizing 
trunk  which  delivers  to  the  other  KNIAt)  units  the  9  trains  of  pulses  and  the 
carry  clear  gate  emitted  by  the  cycling  unit  and  the  scLictive  clear  gate  emitted 
by  the  initiating  unit^  The  syiichrnnisiing  trunk  runs  around  the  back  of  the 
ENIAC  belovj  the  ventilating  panels  from,  the  initiating  unit  up  until  (but  not 
includi.ng)  panel  3  of  the  const-'^nt  transmitter.  The  lines  marked  through 
on  PX-4“102  are  used  for  the  follomng  piilses  or  gates: 


(D 

CPP 

G) 

RP 

CD 

IP 

Q) 

I'P 

CD 

9P 

CD 

CCG 

(D 

lOP 

CD 

2P 

CD 

SCG 

@) 

2'P 

@1 


A  cable  with  a  12  point  plug  at  either  end  is  used  to  bring  into  each  unit  the 
fundamental  pulses  and  gates, 

11.2,  DIGIT  TRANSMISSION 

11*2.1,  Digit  Trunks 

Seventy-iwo  digit  trays  (in  addition  to  the  9  trays  for  the  synchroniz¬ 
ing  trunk)  have  been  built  for  the  ENIAC.  These  trays  can  be  stacked  on  a  shelf 
above  the  switch  panels  of  the  units  from  panel  1  of  function  table  1  to  panel  2 


of  the  constant  transmitter  inclusive.  As  many  as  8  trays  on  one  level  can  be 
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connected  by  jiimpers.  The  load  resistor  (or  load  box)  ahovin  on  PX-4-103  is 

plugged  into  an  unused  terminal  usually  on  either  the  first  or  last  tray  of  a 

set  of  jumper  connected  trays  (certain  exp-eptions  to  this  statement  are  noted 

in  Section  11,2»4.).  The  digit  input  and  output  terminals  on  the  various  units 

are  connected  into  the  digit  trays  by  means  of  digit  cables,  A  three-way  plug 

is  used  at  a  digit  tray  terminal  when  more  than  one  digit  terminal  of  a  unit  is 

connected  to  a  partieular  digit  tray  terminal.  The  term  digit  trunk  is  used  to 

refer  to  a  set  of  junker  connected  digit  trays,  the  load  box  at  one  end,  and  the 

digit  cables  which  connect  units  to  the  set  of  digit  trays. 

In  digit  trunks,  the  lines  marked  1  through  10  on  PX-4-102  carry  the 

digit  pulses  for  decade  places  1  through  10  respectively  and  line  11  carries 

the  FU  piilses  (also  see  Section  11,2,2.}. 

11,2,2.  Shifters.  Deleters,  and  Adaptors 

Shifters,  deleters,  or  adaptors,  used  between  digit  cables,  and  digit 

terminals  on  the  units,  when  it  is  desired  to  establish  a  special  relationship 

between  the  decade  place  leads  of  the  transmitting  and  receiving  digit  terminals, 

consist  of  specially  wired  12  point  plug  and  socket  assaablies.  Shifters  are 

used  to  effect  multiplication  by  powers  of  10,  deleters  to  eliminate  digit  pulses 

on  certain  decade  place  leads,  and  adaptors  for  other  special  purposes  such  as 

taking  digital  information  to  program  lines. 

The  shifters  which  have  been  constructed  at  present  are  shown  on 

PX-4-104  A-E,  VJhile  in  some  caies  special  shifters  could  be  built  for  use  at 

digit  output  terminals,  these  shifters  are  for  use  only  at  digit  input  terminals. 

The  terminology  used  here  is  ths.t  a  +n  shifter  (for  n  positive)  multiplies  a 
n 

number  by  10  (or  shifts  data  n  places  to  the  left);  a  -n  shifter  multiplies  a 

-n  ,  . 

number  by  10  (or  shifts  data  n  places  to  the  right). 
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The  follovdng  connections  are  made  between  the  socket  (s)  and  plug 
(P)  leads  of  the  +n  shifters: 

s  Qm]  - >  p  |fm] 

S  Jn  left  hand  1 — 5>Not  connected  to  anything 
jdecade  places] 

S  jdecade  placesj— jdecade  places  i  +  n^  respectively 

Ground  ■  - >  P  t  right  hand  decade  places^ 

The  Connections  established  in  the  -n  shifters  are  the  following: 

S  Qm]  - ^  P  and  n  left  hand  decade  place ^ 

S  l^ecade  place^— ^P  Qieeade  places  i  -  n^  respectively 


S  n  right  hand  U>Not  connected  to  anything 
decade  places) 


Notice  that  connections  in  the  shifters  for  translating  numbers  n  places  to  the 
right  are  made  in  such  a  way  as  to  duplicate  the  fU  pulses  in  the  n  left  hand 
decade  places  of  the  receiving  unit.  Thus,  for  example,  the  number  carried  in 
a  digit  tray  as  M  4  823  000  000  is  received  through  a  -3  shifter  in  an  accumulator 
as  U  9  994  823  000,  Because  of  the  necessity  of  duplicating  sign  pulses  in  the 
n  left  hand  decade  places  when  a  negative  number  is  shifted  to  the  right,  a 
right  hand  shifter  Could  not  be  designed  for  use  at  a  digit  output  terminal 
for  such  a  shifter  would  cau8f>  the  FU  transmitter  to  be  loaded  with  the  capacity 
of  two  or  more  lines  in  the  digit  trunk  and  would  tie  these  lines  together,  thus 
making  the  trunk  a  special  purpose  trunk. 

From  the  description  of  the  +n  and  -n  shifters  above,  it  can  be  seen 
that  if  a  ♦n  shifter  were  used  at  a  digit  output  terminal,  the  shift  with  regard 
to  the  n  left  hand  decade  places  tranaoitted  would  be  equivalent  to  that  which 
results  when  a  -n  shifter  is  used  at  a  digit  input  terminal.  However,  this 
Interchange  cannot  be  made  because,  in  the  case  of  a  negative  number,  dLgn  pulses 


f - : - ^ - 

i 

DELEICIf  MQ 

OMIT  COMMECTIONS 

nPi.£i 

Q 

S©TO  P0 

DELEirep  No.  Q 

i  —  -  - 

8 

sQtO  P©  3©  TO  P(D  I 

H!  il 


iC^TO  P© 

TO  D. 


TO  P@ 
S'4  TO  P@ 


V—-"' 

3©  TOP©  5©  TOP© 

S'3  r..p©  S(§TOP0 

3^  TO  P© 

4 

toft)  5©  TO  P'-^ 

:  :.<>)  TO  PC3)  5^^'  TO  p0 

;  TO  PiSj  ^'ir)JO  P© 

MOORE  SCHOOL  OF  ELECTRICAL  ENGINEERIRO 
UNIVERSITY  OF  PENNSYLVANIA 


MATERIAL 


i)£L£T£^S 


finish 


l/rmwTi  b>' ; 

J.  EOEL^ACK 
OCT.  30, 1 W 


1 


Aoorov«d  by : 

iij^r 


:xiiOQ 


XI  -  5 


are  not  duplicated  in  the  n  left  hand  decade  places,  Sinilarly  a  -n  shifter 
cannot  be  used  at  a  digit  output  terndnal  to  accomplish  a  shift  to  the  left 
because  the  n  right  hand  decade  place  leads  at  the  receiving  end  are  not  grounded. 
The  deleters  which  have  been  constructed  are  tabulated  on  PX-4-lC)9* 

The  deleters  omit  socket  to  plug  connections  for  the  leads  associated  with  the 
decade  places  which  are  deleted.  The  deleters  on  PX-4-109  are  designed  for  use 
at  digit  output  terminals.  Special  deleters  could  be  built  for  uso  at  digit 
input  terminals.  Such  deleters  would  ground  the  plug  leads  for  the  deleted 
decade  places. 

Certain  special  adaptors  which  combine  shifting  and  deleting  character¬ 
istics  have  also  been  constructed.  These  are  shown  on  PX-4-117.  These  adaptors 
have  the  following  properties; 

3A  5  place  to  the  right  shifter  with  sign  deletion 
5A  5  left  hand  and  BI  place  deleter 
8A  1  place  to  the  right  shifter  with  sign  deletion 

4A  5  place  to  the  left  shifter  with  output  of  decade 

place  5  brought  also  to  the  Bi  lead 
64  3  place  to  tho  left  shifter  with  sign  deletion 

104  BI  deleter 

74  5  place  to  the  right  shifter  with  sign  deletion, 

4daptors  for  use  at  12  point  terminals  on  the  divider  and  square  rooter 
which  function  in  a  programming  capacity  are  described  in  Section  6,4.2, 

11,2,3.  Load  Units  for  Di^it  Trunks 

The  capacity  to  ground  of  any  line  in  a  tray  is  approximately  120 
micro-farads.  This  capacity,  plus  that  of  the  short  jumper  used  to  connect 
one  tray  to  the  next,  is  called  a  load  unit.  The  capacity  of  a  three  foot  cable 
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for  connecting  a  digit  input  or  output  terminal  to  a  digit  tray  is  roughly  equed 

I 

to  a  load  unit,  Adaptors  have  negligible  capacity.  In  order  to  obtain  pulse 
rise  tines  within  the  proper  limits  for  safe  and  reliable  operation  of  the  ENIAC, 
the  total  number  of  load  units  (which  equals  the  number  of  jumper  connected  trays 
plus  the  number  of  digit  cables  plugged  into  the  trays)  of  a  given  digit  trunk 
must  not  exceed  60  (also  see  Section  11,4,) 

11,2,4.  Special  Uses  of  Digit  Trays  Without  Load  Boxes 

A  load  box  is  used  on  all  digit  trunks  formed  by  connecting  digit 
trays  together.  Because  the  trays  have  been  designed  so  that  the  load  resistor 
is  plugged  into  the  unused  terminals  of  one  of  the  end  trays  of  a  trunk,  the 
flexibility  of  being  able  to  connect  varying  numbers  of  digit  terminals  to  the 
trunks  is  possible. 

In  a  few  special  cases,  the  resistance  has  been  biiilt  into  circuits 
of  the  units  and  certain  single  digit  trays  connected  to  these  units  by  digit 
cables  are  used  without  load  boxes.  No  other  units  may  be  connected  in  parallel 
into  these  trays. 

In  the  case  of  the  divider  and  square  rooter  (see  KC-6-311)#  the 
fo3J.owing  associated  digit  trays  are  used  without  load  boxes: 

1)  the  single  digit  tray  which  carries  components  of  the  answer 
from  the  answer  output  terminal  to  the  quotient  accumulator' s 
a  input  terminal  and  to  the  denominator  accumulator' s  y  input 
terminal. 

2)  the  digit  tray  which  carries  programming  instructions  from  the 

*Running  from  the  divider  and  square  rooter  to  accumulrtor  5,  A  special  short 
cable  connects  this  digit  tray  to  the  a  input  terminal  on  the  quotient  accumu¬ 
lator  and  another  cable  connects  this  tray  to  the  y  input  terminal  of  the 
denominator  accvuuula-tor . 

■'Wfii  single  tray  running  from  the  divider  and  square  rooter  to  accumulator  5  is 
used.  Special  cables  (see  PX- 10-30?)  are  plugged  from  this  tray  to  the  inter¬ 
connector  terminals  on  accumulators  2  and  ?, 
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quotient  and  shift  accumulator  program  terminal  on  the  divider  and 
square  rooter  to  inter connect or  terminals  on  accumulators  2  and  7 
3)  the  digit  tray  which  carries  programming  instructions  from  the  de¬ 
nominator  and  square  root  accumulator  program  terminal  to  accumu¬ 
lator  5, 

In  the  case  of  the  high-speed  multiplier,  a  digit  tray  without  load 

box  is  used  to  connect  each  of  the  three  partial  products  output  terminals 

LHPP  II,  RHPP  I  and  II  to  the  appropriate  accumulator,  A  special  short  digit 
resistor 

cable  withouty^load  connects  the  LHPP  I  terminal  to  accumulator  11  and,  for 
safest  operation,  the  three  lowest  digit  trays  are  used  for  the  other  three 
partial  products. 

11,3,  PROTxRAM  TRANSmsSION 

11»3.1,  Program  Lines 

Eighty  one  program  trays  have  been  constructed  for  the  ENIAC,  These 

trays,  like  the  digit  trays,  are  8  feet  long,  have  11  wires  and  a  ground,  and 

at  either  end,  have  12  point  termin?-ls  so  that  a  number  of  program  trays  can 

be  jximper  connected  to  form  a  program  trunk.  The  prograia  trays,  however,  have 

a  group  of  eleven  2  point  terminals  spaced  at  2  foot  intervals  instead  of  the 

12  point  terminals  found  on  digit  trays.  A  program  pulse  input  or  output  terminal 

» 

of  a  unit  is  connected  to  a  program  tray  by  means  of  a  program  cable  which  has  a 
two  point  plug  on  each  end  (1  wire  and  a  shield).  In  general,  a  load  box 
(see  PX-A-103)  is  plugged  into  an  unused  terminal  at  one  end  of  program  trunk. 

The  term  program  line  is  used  to  refer  to  one  conductor  running  the  length  of 
a  set  of  jumper  connected  program  trays  and  the  program  cables  plugged  into  the 


conductor 
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Fifty  digit  -  program  adaptors  have  been  made.  Each  of  these  consists 
of  a  box  with  a  12  point  digit  plug  connected  to  a  group  of  11,  2-point  program, 
sockets.  These  adaptors  make  it  possible  to  use  digit  trays  as  program  trays. 

11.3.2.  Special  Program  Cables 

In  addition  to  the  standard  program  cables,  a  number  of  special  U 
and  Y  program  cables  have  been  assembled.  The  U  cable  has  a  2  point  terminal 
on  either  end  and  a  built  in  load.  It  is  used  to  connect  two  program  terminals 
on  the  same  \init  or  on  adjacent  units  without  going  into  a  program  tray.  The  Y 
cable  has  three  2  point  plugs.  This  latter  type  is  used  when  it  is  desired  to 
connect  2  program  terminals  on  the  same  unit  and  also  to  connect  to  a  program 
line, 

11.3.3,  Load  units  for  Program  TraTO 

In  the  case  of  program  lines,  as  in  the  case  of  digit  trunks,  the 
number  of  load  units  must  be  restricted  in  order  to  provide  suitable  time  con¬ 
stants  for  safe  and  reliable  operation  of  the  ENIAC,  For  program  lines  which 
carry  only  program  pulses  the  total  number  of  load  units  (number  of  juc^er  con¬ 
nected  program  trays  through  which  the  line  runs  and  program  cables  plugged  into 
the  line)  must  not  exceed  120,  A  program  line  which  carries  digit  pulses,  a 
case  which  can  arise  in  magnitude  discrimination  programs  for  exaiiple,  must  not 
have  more  than  60  load  units.  The  more  stringent  restriction  of  load  units  is 
made  for  lines  carrying  digit  pulses  particularly  because  the  short  interval 
between  successive  digit  pulses  makes  necessary  an  especially  short  rise  and 
fall  time  for  digit  pulses  for  safe  resolution  of  these  pulses.  Also,  the  digit 
pvilses  are  slightly  broader  than  the  program  pulses  so  that  even  in  the  case 
where  only  1  digit  pulse  is  transmitted  in  a  given  addition  tine,  for  the  most 
reliable  operation,  it  is  best  to  restrict  the  number  of  load  units  to  60, 
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11,3,4«  Special  Program  Lines  Without  Load  Resistor 

Program  lines  without  a  load  resistor  are  used  to  carry  stimulating 
signals  to  the  following  program  input  terminals; 

Ig  and  Rg  on  the  initiating  unit  (see  PX-9-302) 

PA,  lA,  and  Cont,  on  the  cycling  unit  (see  PX-9-303)* 

If  desired,  special  program  cables  without  resistance  load  may  be  used  instead 
of  lines  in  program  trays.  Also,  see  Section  11,6,  for  a  discussion  of  the 
portable  control  box  which  can  be  used  to  parallel  these  terminals, 

11.4.  PULSE  AMPLIFIER 

Three  pulse  amplifier  units  (and  chassis  for  two  more)  have  been  con¬ 
structed,  The  pulse  amplifier  unit  provides  a  means  of  circumventing  the  load 
limit  restriction  (see  Sections  11,2. 3*  and  11,3*3»)  on  the  total  number  of  digit 
terminals  or  program  terminals  that  can  be  connected  for  comnunl cation  with  one 
another  and  also  is  capable  of  being  used  to  isolate  program  pulses. 

This  device  contains  eleven,  identical  circuits,  each  consisting  of 
a  buffer  and  transmitter  (see  PX-4-301),  A  signal  delivered  to  the  pulse 
amplifier  by  way  of  one  of  the  leads  of  the  12-point  terminal  at  the  left 

of  its  front  face,  passes  through  the  associated  buffer  and  transmitter  and  is 
corresDonding  lead  of  the 

emitted  from  the^output  terminal  on  the  right  side.  Power  for  the  pulse  ampli¬ 
fier  is  obtained  by  connecting  the  terminal  on  the  left  face  to  one  of  the  four 
12-point  terminals  at  the  bottom  of  the  diagonally  placed  panels  at  either  end 
of  the  wall  containing  the  high-speed  multiplier. 

If  two  trays  are  connected  by  a  pulse  an^Jlifier,  each  tray  may  have 
as  many  as  the  naxinum  number  of  load  units  specified  for  that  type  (digit  or 
progran).  Furthermore,  data  transmitted  through  the  tray  connected  to  the  input 
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of  the  pulse  amplifier  is  coranunicated  to  the  tray  connected  to  the  pulse 
amplifier's  output.  Data  carried  on  the  tray  connected  to  the  pulse  amplifier's 
output,  however,  is  not  communicated  to  the  tray  connected  to  the  input.  For 
example,  in  Figure  11-1,  the  a  input  of  accmulator  1  can  receive  frcxn  only  the 
A  output  of  accumulator  2>  the  p  input  of  accumulator  2  can  receive  from  both 
the  A  and  S  outputs  of  accumulator  2, 

Through  the  use  of  2  pulse  amplifiers,  two  trays  can  be  connected 
so  that  there  is  bidirectional  canraunication  between  them.  In  Figure  11-2,  for 
example,  both  the  a  and  p  inputs  on  accumulator  1  can  receive  from  either  the 
A  or  S  outputs  of  accumulator  2, 

The  unidirectional  communication  in  one  of  two  trays  connected  by  a 
pulse  aiqalifier  provides  a  means  of  using  a  pulse  amplifier  instead  of  one  or 
more  dummy  program  controls  to  isolate  program  pulses.  In  Figure  ll-3>  the 
schematic  drawing  shows  two  set-ups  that  are  logically  equivalent:  one  uses 
a  dummy  program  control;  the  other,  a  pulse  amplifier* 

11.5 .  SPECIAL  lOTERCONNECTION  OF  UNITS 

11.5.1.  Connections  to  the  Printer 

The  units  whoso  static  outputs  are  delivered  to  the  printer  so  that 
data  stored  in  them  can  be  recorded  arc  listed  in  Section  9.4*  The  reader  is 
also  referred  to  the  following  diagrams: 

Static  Output  Cable  PX-4-111 

Printer  Adaptors  PX-12-114 

11.5.2,  The  High-Speed  Multiplier  and  Its  Associated  Accumulators 

The  accumulators  connected  to  the  high-speed  multiplier  for  the 
communication  of  digital  and  programming  informa.tion  are  discussed  in  Section  5.4. 
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Reference  is  also  i&adc  to  the  following  diagrams: 

Interconnection  of  High-Speed 

Multiplier  with  Associated 

Accvjmiilators  PX-6-311 

Static  Output  Cable  PX-4-‘lll 

Accumulator  Interconnect or 

Cable  (Multiplier)  ra-5«-131 

11*3«3.  The  Divider  and  Square  Rooter  and  Its  Associated  Accumulators 

The  connections  established  between  the  divider  and  square  rooter  and 

its  associated  accumulators  are  described  in  Section  6.4,  The  interconnection  of 

these  units  is  pictured  on  PX-10-307  and,  on  this  same  drawing^  reference  is  made 

tC  the  drawings  of  special  cables  and  adaptors  used. 

11.5 . A*  Interconnection  of  Accumulators 

In  Section  4*4,2,  the  intereonnector  terminal  connections  for  using 
one  accumulator  as  a  10  decade  accumulator  or  for  using  2  accumulators  as  a  20 
decade  accumulator  are  discussed.  The  following  diagrams  are  relevant  to  that 
discussion: 

Accumulator  Interconnector  Terminal 
Load  Box 

Accumulator  Interconnector  Cable 
(Vertical) 

Accumulator  Intereonnector  Cable 
(Horiaontal) 

Accumulator  Program  Front  Panel 

11.6.  PORTABLE  COimiOL  BOX 

Certain  initiating  unit  and  cycling  unit  controls  which  are  particular¬ 
ly  useful  in  testing  the  operation  of  the  ENIAC  have  been  described  in  Chapters 
II  and  III,  These  controls  include: 
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Initial  Clear  Switch  Section  2.1.2. 

Reader  start  switch  and  terminal 

which  parallels  the  switch  Section  2,2, 

Initiating  Pulse  Switch  and  terminal 

Ig  wh?.ch  parallels  the  switch  Section  2.2. 

Operation  selector  switch  for  switching 

from  IP  to  either  lA  or  continuous  operation.  Section  3 #2, 

and  the  terminals  lA  and  Cont.  which  parallel 

this  switch 

1  Pulse  or  1  Addition  Time  Switch  and  the 

terminal  PA  which  parallels  this  switch  Section  3»2. 

In  Chapters  II,  and  III  there  was  described  the  direct  operation 
of  these  controls  at  the  initiating  and  cycling  units  or,  except  for  the 
initial  clear  control,  from  anywhere  in  the  ENIAC  room  with  the  aid  of  special 
program  lines  without  load  resistor. 

The  portable  control  box  provides  a  third  and  more  convenient  means 
of  operating  these  controls  and  the  Initial  clear  button.  By  means  of  a  cable 
the  portable  control  box  is  connected  directly  into  the  circuits  of  the  controls 
mentioned  above.  This  cable  is  long  enough  to  permit  the  use  of  the  control  box 
anywhere  in  the  ENIAC  room.  The  controls  on  the  box  reading  from  top  down  are; 

1)  Operation  selector  switch  for  switching  to  1  addition  time  or 
continuous  operation  when  the  operation  selector  switch  on 
the  cj^Jling  unit  is  set  at  1  pulse  time. 


XI  -  13 


2)  Initial  clear  button  which,  when  pushed,  causes  initial  clearing 
to  take  place,  (Operation  selector  switch  must  be  set  at  Cont, 
when  initial  clear  button  is  pushed,) 

3)  Reader  start  button  which  is  used  to  stimulate  the  reading  of 

a  card.  Terminal  Rq  emits  a  pulse  when  reading  initiated  in  this 
way  is  completed* without  the  reception  of  an  interlock  pulse  at  Rl, 
U)  Initial  pulse  button  which,  when  pushed,  causes  a  program  output 
p\ilse  to  be  eniitted  f rcm  terminal  1^  on  the  cycling  unit , 

5)  1  Pulse  -  1  Addition  push  button.  With  the  operation  selector 

switch  set  at  IP  or  lA  respectively,  one  pulse  or  the  1  addition 
time  sequence  of  pulses  is  given  out  each  time  this  button  is 
pushed. 
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TECHNICAL  ECSOtlPnON  OF  THE  ZNIikC,  ?tSX  II. 


This  part  of  the  report  describes  in  some  detail  the  circuits 
used  in  the  Tcrious  units  of  the  LKIAC*  0nl7  sufficient  prograiiiaing  details* 
that  is*  snitch  settings  and  plugging  details*  will  be  given  to  enable  the 
reader  to  understand  the  circuits.  For  more  dct'^ilcd  programing  and  iUus^ 
trative  set-ups  the  reader  is  referred  to  the  corresponding  chapters  and 
sections  of  part  I  of  this  report. 
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I.  (^lERAL  DLS(ailPnO!l  OP  THE  EHIAC 

This  chapter  describes  the  arrangement  of  the  units  of  the  ENIACf 
gives  a  sumaary  of  its  mode  of  operation,  and  describes  certain  vacuum  tube 
and  circuit  arrangements  which  are  used  repeatedly  in  the  units  of  the  ENlAC. 
1.1*  Brief  description  of  the  ENIAC. 

The  EHIkC  is  an  extremely  high  speed  electronic  nuDBricail  eooputing 
device.  It  performs  sequences  of  computations  (vdthout  manual  attention  ex¬ 
cept  for  setting  tqi)  which  are  made  up  of  the  following  operations^ 

1.  Reading  initial  data  from  IBl  cards 

2.  Addition 

3.  Subtraction 

hm  Uultiplication 

5.  Division 

6.  Square-rooting 

7.  Looking  up  function  values  in  function  tables 

8.  Punching  the  results  on  131  cards. 

Genera3Jy,  the  units  of  the  ENIaC  have  been  designed  to  carry  on 
the  above  operations  using  ton  digit  decimal  nunAiers.  In  ease  greater  accuracy 
is  desired  provision  l»s  been  made  to  carry  on  the  above  operations  using 
twenty  digit  decimal  numbers.  Actually  there  is  an  upper  limit  to  the  number 
of  different  steps  of  conqjutation  that  can  be  perforroed  without  the  attention 
of  the  operator,  but  this  upper  lixdt  has  been  made  high  enough  to  handle  a 
very  large  class  of  ccoputing  problems. 

The  ENIAC  is  a  discrete  variable  rather  than  a  continous  variable 
device.  Consequently,  errors  in  computation  arise  only  from  mathematical 
considerations  (such  as  truncation,  that  is,  th-.  replacing  of  derivatives  by 
difference  quotients,  ^^nd  rounding-off  errors)  or  from  failure  of  some  circuit 
in  the  device.  Careful  'ittention  was  given  to  minimizing  failures  and  for 
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nsj  location  and  repair  of  thi^nr  Whcft  they  oeeur.  The  ENIaC  uses  the 
tecical  systcBij  snd  hsndlc-s  ne^tive  nuiiijerB  bj  ocans  of  cac^>lei{icnt8  with 
respect  to  lO^a 
lalal*  Unita  of  the  EWIkC 

Table  1->I  gives  a  list  of  the  units  of  the  ENIkC^  the  nuiabcr  of 
progrrja  controls  of  each,  rjid  the  purpose  of  each  unit*  Essentially,  the 
nuciber  of  program  controls  detemines  how  npjiy  tizics  that  unit  may  be  used 
for  a  different  purpose  in  a  particular  sequence  of  computations* 

^  The  Initiating  Unit.  Besides  a  hum  osciUoscops  to  chock  the 
a-c  supply  lines  and  voltmeters  to  read  the  various  a-e  and  d-c  voltages, 
the  initiating  unit  has  the  following  switch  controlss 

1)  Start  Switch  -  Turns  on  the  cooling  fans  and  the  heaters.  The 
amber  light  indic^^tes  that  the  switch  has  been  thrown* 

2)  D>C  On-Off  Switch.-  This  switch  is  located  on  the  l^e  panels* 

It  con  be  used  to  turn  the  d-c  power  on  and  off* 

3)  Stop  Switch  -  Turns  off  all  the  power* 

U)  Initial  Clefr  -  Clears  all  the  units  in  preparation  for  starting 
a  sequence  of  computations*  Green  light  cones  on  when  initial 
clear  has  occurred. 

5)  Door  shunt  switch  -  Enables  the  ENI^C  to  be  operated  for  checking 
purposes  with  soae  of  the  bock  covers  off* 

6)  Reader  Start  Switch  -  Causes  the  IBU  Reader  to  read  a  card  and 
then  give  out  a  progrrji  pulse  which  cen  be  used  for  starting  i 
senuence  of  computations.  Tht  Ruader  can  be  caused  to  operate 
by  a  prcgrcja  pulse  as  well  as  by  use  of  this  switch* 

7)  Initiating  Pulse  Switch  -  This  switch'  causes  a  synchronised 
program  piilse  to  be  given  out*  This  can  be  used  to  start  a 
sequence  of  computations* 

The  initiating  unit  contains  selective  clear  program  controls  by  which  certain 
predetermined  accumulators  can  be  caused  to  dear*  The  printer  program  controls 
are  also  located  in  tho  initiating  unit.  A  clock  which  iiuasures  the  time  the 
power  supply  heaters  -ore  on  is  alsi'  located  on  this  panel. 

Cycling  Unit.  This  unit  produces  the  pulses  tdiich  are  used  to  rep- 


i 


resent  digits  or  progr'rj/.  signals,  and  causes  the  vrjious  units  of  the  ENIaC  . 
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TA£LE  1-i 
Units  ‘jt  the  ENL»C 


Nunber 
of  units 


Name 
of  unit 


» 


1 


Number  uf 
prygran. 
controls 
per  unit 


Purpose 


1 

Initiating 

unit 

» 

— r= 

.  Control  center  for  starting  end  stopping 
!  computations.  Contains  six  selective  clear  j 
'  proCTsm  controls. 

1 

1 

Cycling 

unit 

Pulse  and  g^.te  producing  unit  which  causes 
j  the  othi^r  units  of  the  EIJLtC  to  operate  in 

1  synchronism. 

20 

i 

• 

•  Accumula- 
i  tor 

1 

i 

1  12 

£ach  accumulator  can  st  ;re  ten  digit  numbers^ 

!  add  nuri)crs  (trcjisnitted  by  other  units)  to. ; 

'  its  contents,  or  transmit  its  number  and/or  , 

.  its  conoluL'vnt  ic  <>trinr  units  and  clear.  ! 

i  UultlpHer 


24 


Divider- 
I  Square 
: rooter 


n 


tion  tables  to  porfom  high-speed  laultipli*? 
eati*:n. 


This  unit  divides  two,  ten  or  tweiit /"digit 
numbers  i:nd  oxtr^xts  the  square  roots  of 
ten  or  twenty  dieit  numbers. 


I 


These  units  can  look  up  the  values  of 
functions.  The  v--J.ues  of  the  functions  must 
be  set  up  on  switch  panuls  by  the  operator. 


, Function  • 

toble  ! 


n 


1  I  Cemstant  y 
[Transmitter  ; 

I  and  I£U  I 
reader  I 


I 


X 


This  unit  roads  initial  data  from  lEU  cards, . 
sets  it  up  on  rcl  i/s  and  tri'nsnits  it 
eloctrcnic'J.ly,  The  ISi  reader  program 
contrcl  ie  1 >crtcd  in  the  initiating  unit. 


!  Printer 
and 

,  lOi  punch 


j  itbster 
;  progranner 

I 


This  unit  causes  the  results  of  sequences  of 
conputotiens  to  b«i  punched  on  IfiU  c:u*d8.  The 
Gang  punch  progriJi  control  is  located  in 
th.a  initiating  unit. 
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This  is  a  pr.gran  control  device  which 
decides  when  to  change  from  one  sequence  of 
computiitions  to  another,  or  when  to  print 
and  when  to  refvd  more  initial  data, _ 


I 


Program  trunks  and  digit 
trunks 


i 


These  are  transmission  lines  which  mrko  it 
possible  to  tr  nsfer  numbers  and  program 
signals  from  unit  to  unit  as  needed* 
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to  operate  in  synchronisn.  Table  1—2  lists  the  kinds  of  pulses  and  gates 
that  are  produced  at  this  unit  and  tr-^naBitted  to  the  other  units  over  the 
cycling  trunk. 

Accuaulator.  Depending  upon  the  switch  settings,  ^git  trunk  canDee-> 
tions,  and  progr&a  trunk  connections  an  accuEuilator  can  aecunpllsh  the  foUosiqg 
things: 

1)  Store  a  ten  digit  insdxrr  cr  its  conplement  nnd  a  m  indleatlon 
detenaining  which  it  is. 

2)  Trensnit  rywer  a  digit  truidc  the  number,  its  complenent,  or  both, 
after  tranaaitting  it  nay  or  uay  not  clear  as  desired. 

3)  Add  to  its  contents  a  positive  ~r  negative  number  transnltted 
by  some  other  unit  of  the  EKInC,  properly  indicating  the  sign 
of  the  sun. 

4)  all  accuimlators  nay  tr  Jiis^t  their  c<jntents  by  neans  of  static 
cables  to  either  the  nultiplier  or  the  printer.  Certain  aceumi- 
lators  arc  sced-perrianontly  connected  to  the  printer.  The  sl^i 
indication  is  trana£;J.tted  to  the  divider  in  this  manner. 

Multiplier.  The  nultiplier  oultiplies  a  ten  digit  nultiplicroid  by  an 
n  (n^lO)  digit  multiplier  in  n^U  addition  times  ana  rounds  ofi  the  answer  to 
any  prescribed  number  of  places  if  so  desired.  To  do  this,  the  mltiplier  makes 
use  of  four  or  six  accunulators.  This  high-^eed  multiplication  is  accomplished 
by  means  of  built-in  multiplication  tables. 

Divider-Square  Rooter.  This  unit  can  divide  ten  or  twenty  digit 
numbers  and  can  extract  the  square  root  of  a  ten  or  twenty  digit  numbor.  If 
p  is  the  setting  of  the  places  switch  a  division  takes  10  «  2  (number  of  trial 
subtractions)  ♦  2p  addition  tines. 

Funqtion  TabXc*  The  function  table  working  in  conjunction  with 
either  a  variable  or  a  permanent  table  cm  transmit  a^y  one  of  104  values  of 
a  function  (or  if  less  th<n  seven  digits  is  needed  206  values  of  the  funetl>n). 
To  facilitate  interpolation,  arrmrciacnt  has  been  made  to  tr'uisnit  any  one  of 
the  four  neighboring  values  If  desired.  If  a  function:.!  value  is  to  be  trans¬ 
mitted  r  tiraus  (l^r  $9)  the  process  *.f  obtaining  th'^  functional  value  takes 
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Kind  ef  pulse  or  gate  | 

■ 

Renarks 

CPP  Central  Progrsn  Pulse 

Used  as  a  pregren  pulse*  ! 

^  i 

» 

lOP  Tens  Pulses  I 

^  J 

r  j 

Uswd  to  cycle  the  decades  of  aeeuimlatars  idles  ^ 
transrattlng  nuv.cur  over  the  add  cr  subtree  ^ 
outputs. 

_ ■  _ i 

;  ‘  ' 

9P  Nines  Pulses  !  Various  cucibinations  >f  these  pulses  are  used  . 

•  (  to  represent  the  digits  0,  1>  9. 

'  ? 

•  c  1 

1  IP  One  Pulse  j 

•  coded  system  n?.kcs  use  ot  various  eanbii^ 

i  2F  IVie  Pulses 

1  1  ti  «s  of  these  groups  to  represent  the  digits 

2*P  Two-priaed  Pulses  \ 

1  Oj  Ij  2f  •••$  9. 

;  4  P  Four  Pulses 

1 

I'P  One-prijoed  Pulse  '  Cicner  Uy  used  -?s  f.  correction  pulse  in  teldag 

;  :  eonplecsnts  (negative  nuri>ers). 

i  _ L  i 

!  COG  Carry-Clear  Gate 

f 

i 

r  * 

Usod  t^  t&k3  cure  of  carry-over  in  the  decades  | 
of  the  r.cc\inul?turs  and  to  clear  accuauls-tors 
iih»;n  s;!  prograiancd,  * 

RP  Reset  Pulses 

f 

• 

t 

■  Those  pulses  are  used  to  reset  decide  fli|^ 
flops  in  the  aecutnuli  tors  ^jid  to  provide  the  ’ 
dclayud  carry-over  pulse.  i 

The  tine  unit  c.t  '>pcr^ti:^n  f-^r  the  liNL^C  is  oni;  additi<jn  tine.  This 
is  nomally  a  tine  interval  ■'it  200  uicrc-socsnds.  /jn  ^dditi^m  tiiae  is  divided 
into  20  pulse  tines.  e:.ch  ID  riicrc>-st;c :nds  l.jng.  The  pulses  Ustod  in  the 
ab^vc  table  arrive  via  the  eyclint'  trunk  at  each  unit  •>£  the  EllL.C  once  e&di 
'.dditi  n  tine.  Ths  pulse  tincs  't  which  the  vari:}us  puls*  s  '^nd  grates  ero 
prcdue«.d  is  illustr-'ted  by  ra-9-301  r  by  the  dlr/^an  appearing  «  the  frant 
panel  'it  the  cycling  unit. 
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*  ♦  U  additl.41  tijaea, 

C-'-nst'ftat  Tz*anGaiwt.5r  «And  Titl  Re:idcr«  The  TBjf  reader  e&n  read 
'aixt^^en  gr  Jups  p  >sitiarc  jt  ncgr^tive  fire  digit  nunibera  fr jo  an  lEU  card 
and  cause  those  to  be  act  i^)  on  rol'i^s  in  the  Constant  Tr.'insioittora  Faur 
other  gr-''ttpa  sf  fire  dif:it  nui^crs  be  set  up  on  panel  three  of  the 
C'.nstont  Tr^soitter.  Prorisim  has  boon  nade  for  cenbining  these  fire 
di^t  grjis}s  to  z£'.k2  t;  r  vi^rt  gr'.-iq>Sa  tihen  desired* the  Ccnstsnt  TTanaaittw 
c~n  transnit  ai^  r.f  these  grotqts  }f  na:l)ers  to  rarious  other  unita  of  the 
EriLkC.  Transnission  of  ^  nurA>or  by  the  eor.stsnt  trrnsoltter  takea  one 
':.ddition  tine*  but  reading  'nd  setting  up  relays  tc  eh&nge  a  nuhber  takes 
longer. 

ftlnter  ?aid  IBI  G?\ng  Punch.  The  printer  ern  be  c  onnected  by  static 
c-J:lfis  to  eighty  decades  (snd  sixteen  FM  units)  locr<tcd  in  either  accuEUlat  ^rs 
or  in  the  naster  progranser.  'Then  so  orjgr=cr:ec  the  printer  will  eause  the 
IS!  punch  to  punch  as  rsitnj  as  eif;hty  di^ts  ( -jain  associated  in  groups  of 
fire  :r  its  laultiples  f;'r  purposes)  and  16  ni  inrlications  -.^n  the  IBd  card. 
Thus*  the  nuibcrs  registered  in  these  printin.~  rccurail^t  .>rs  or  in  certain 
decades  .'-f  the  star  Pr^p*r<:x3er  e  be  punched  m  rn  ISI  card. 

ilastur  Pr  i^ramer.  %b:le  sequences  ?  c  I'qput  ;.ti 'ns  can  be  arr  :‘nged 
I'-cally*  th-t  is*  by  setting  switches  and  plugging  cables  i^t  the  various  units 
of  the  D1L.C.  The  ii?ster  Drogrruri^r  is  ps-rticalarly  designed  to  cause  ecrtdn 
sequences  .f  conputations  to  repeat*  ~r  to  keep  trrick  of  h'u  n;iny  sequanees 
rre  perfomed*  r  by  j&’-.ns  .f  r^ifjit  r  sign  contr  ol  t:>  change  the  sequences 
when  variables  reach  prescribed  r^ducs*  .t  cozbinrti  ^ns  of  these  operations. 
1.1.2.  Digit  Trunks. 

<1  ditat  tray  is  about  eight  feet  long  and  has  eleven  lines.  Ten  of 
Ihe-sc  lines  c:irry  the  pulses  repn.senting  the  ten  different  digits  of  a  ten 
digit  nuTiher  and  the  .-levcnth  carries  puls.s  representing  the  FU  indication. 


^  takes  several  trays  to  extend  braund  to  the  vnrioue  units,  ScreraX  trays 
onnected  together  with  Jumper  eebXes  '-nd  with  one  load  box  plugged  in  tozwB 
i  digit  trunk.  These  di^t  trays  rest  on  brackets  Just  above  the  firont  panels 
of  the  units, 

1.1, 3«  Progran  Trunks. 

Progrcin.  trays  are  slrilar  to  digit  trays  except  for  the  type  of 
outlet  sockets.  Several  trays  interconnected  with  jumpers  and  one  load,  box 
plugged  in  constitute  a  progran  trunk.  The  progran  trays  rest  below  the 
front  panels  of  the  units, 

I.I.4.  Static  Cables 

VAienever  the  de&''-des  of  sn  accumulator  r^re  connected  by  static  cables 
to  some  other  unit  it  metns  th:  t  every  stage  in  every  decade  and  at  least  one 
stage  of  the  ?il  counter  is  connected  to  the-  proper  points  of  the  other  unit 
(printer,  for  example).  To  aeccrapUsh  this, two  55  conductor  cables  ere  used. 

In  the  case  of  the  accumulr.tcx’  to  printer  connections,  only  51  lexids  of  each 
e‘:hle  aro  used,  th?!  is,  50  for  five  decades  md  tho  other  line  fev  IK 
Indiestion,  aR  odaptor  is  used  at  th-  accumulator  end  to  connect  both  m 
lines  to  the  U  str-.tic  output  of  the  KS  counter.  In  the  case  of  the  static 
connections  to  the  laustcr  Progrr-scier  the  R:  line  is  not  used,  but  on 
>daptor  (sec  9,2)  must  be  inserted  in  the  printer  to  keep  the  R1  reXys 
from  operating, 

1.2.  FUiaUtLlJr  J.  LLLCThOKIC  U!ZTS  OP  T£L  aiLX 

There  -  ro  certain  fundtncntrl  circuits  which  are  repeated  many 
tines  throughout  the  E3(L.C.  ’.7e  sh?H  discuss  a  number  of  these  here.  In  the 

co\irse  of  the  following  discussion  wo  shall  use  the  terns  "pulse"  and  "gate* 
with  the  following  meanings: 

pulse:  »  pulse  is  ?•  positive  or  negative  chrngc  in  potential  whidi 
has  a  duration  of  about  two  to  five  miero-seconds  (pace.) 


1- 
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Ga^,  ji  gate  is  a  positive  or  negative  diange  in  potential  whidi 
\  dur^^icm  of  ten  oicm-secends  or  more*  The  Garry-Clear  Gate  (see 
~‘306),  for  example,  lasts  for  70  miero-seconds. 

It  Yiiill  be  seen  that  the  same  type  of  electronic  units  located  in 
:!ferent  parte  of  the  hNIiiC  operate  at  difrerent  absolute  voltage  levels. 
exaaplfi,  the  flip-fl^p  Illustrated  (FX-1— IO5)  operates  in  a  voltage  range 
-555  volts  to  -36O  volts.  Other  flip-flops  operate  in  ranges  of  from  >^5 
'■'j  '*’110  volts  and  from  -920  to  -725  volts ,  The  power  supply  produces  a  range 
r  voltages  from  -920  volts  to  ♦55O  volts. 

Throughout  this  report  the  following  convention  will  be  followed  with 
'  egard  tc  iiqjut  and  output  circuits.  An  input  or  output  wUl  always  be  rep¬ 
resented  by  only  one  lead.  The  return  circuit  should  always  be  thought  of  as 
going  back  to  some  point  on  the  bleeder  of  ttie  power  supply.  For  example, 
the  cathode  of  a  tube  may  be  at  aero  volts  and  the  output  may  cone  from  the 
plate  ifith  a  range  of  potential  of  from  100  volts  to  I50  volts,  say.  Instead 
of  using  this  output  with  respect  He  zero  it  may  be  used  with  respect  to  -20 
volts  giving  an  input  potential  for  the  next  circuit  of  from  120  volts  to 
170  volts.  Thus,  the  reference  point  varies  a  great  deal  from  circuit  through 
the  ENIiiCj.  and  it  seems  impractical  to  try  to  represent  the  return  circuits  on 
rueh  diagrams  as  FX-1-105  to  PZ-l-UO. 

1.2.1.  Flip-flop. 

h.  flip-flop  is  a  four  tube  vacuum  circuit  which  is  the  electronic 
analogue  of  an  electric  switch.  Two  of  the  tubes  (T3and  T^  on  FX-I-IO5) 
constitute  the  flip-flop  itself,  that  is,  a  circuit  with  two  stable  states. 

The  other  pair  of  tubes  (T^  and  T2)  called  triggering  tubes. 

The  triggering  tubes,  assuming  that  no  signal  is  arriving  over  the 
set  input,  the  grid  of  T^  is  at  saturation.  This  caiises  the  tube  to  conduct. 
Thus,  if  a  negative  signal  ef  the  proper  magnitude  arrives  over  the  set  input 
the  grid  will  fall  below  cut-off  and  the  tube  will  cease  to  conduct. 
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In  order  to  secure  r>-liuble  operation  it  has  been  a  design  principle 
!iat  in  all  such  eases  the  grid  should  be  driTen  three  tizies  below  cutoff. 
Mrthcxnore,  to  provide  for  the  increase  in  tube  resistance  with  agingj  the 
•pplied  signal  has  been  so  arranged  thet  it  will  alwajrs  be  «t  least  two  and 
cne  half  tines  below  j 

The  flip-flop.  If  the  trigger  tube  poos  off  the  grid  of  will 

rise  well  above  the  cathode  potential  :-jic  will  st.^rt  conducting.  The  plate 

potenti.''.!  of  will  drop  and  this  drop  in  potential  will  bo  carried  through  the 

condenser  C.  to  the  grid  of  T.  t'  nding  to  cause  T,  to  go  off.  As  T.  starts  to 
U  H  4  4 

go  off  its  pi  tc  potential  rises  through  condenser  this  causes  the  grid  of 
Tj  to  rise  even  faster.  Thus,  th>.  whole  process  -accelerates.  Tube  T^  becomts 
conducting  and  T^  goes  off.  This  being  a  stable  condition,  the  tube  remLins 
on  and  T,  off  until  such  tiiSK^  c-vs  trigger  tube  goes  off. 

The  output  potcnti'.l  at  0^  is  -490  volts  and  of  0^  is  *430  volts, 
after  the  flip-flop  is  set  by  ‘'-n  incoming  signU.  ct  S  the  pot^ntii-ls  of  0^  and 
O2  sre  iiitereh'<ngud,  and  they  will  rc&ain  this  w-iy  until  a  r -set  signal  arrives  t 
at  R. 

Note  th'vt  the  condensers  and  C2  isolctc  the  DC  circuits  so  the 
input  to  the  flip-flop  n*  y  <^rato  eta  volt  ge  level  which  is  sooetimes  as  much 


as  600  volts  above  the  luvsl  of  thi.  flip-flop. 

The  gener- 1  pi-  n  will  be  to  connect  the  outputs  J’Jid  O2  to  the  grids 
of  tubes  whose  cathodes  -Te  --.t  potontir:!  between  these  two  output  potentials. 
For  cx-mple,  in  receivers  ■  nd  tr:nsc«dvers  th.Sw  outputs  go  to  th-.  grids  of 
6SN7's  whose  C'lithodcs  art  at  -450  volts.  Thus,  -490  volts  is  wt^l  below  cut¬ 
off  for  the  one  tube  ¥iherf.  s  —430  volts  is  far  .bovu  cut-off  for  the  other  (xic. 
In  this  n'>nncr  static  voltrgcs  produced  by  '■  flip-flop  ar-.  tr  nsmittod  to  othtsr 


circuits. 

The-  nccn  light  is  visible  on  th^:-  front  pincl.  It  is  lighted  whan  the 
flip-flop  is  sat,  th' t  is  when  tube  T^  is  conducting. 
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2.2.  Count era 

Bl  Count ero.  Thu  IV  counter  is  biiuiry  ring  eount>.r.  That  is, 
h:is  tiNO  stable  states  c.nd  Just  one  input  line,  a  first  incoming  signal 
Ill  step  it  from  stage  one  to  stage  two  whereas  the  second  ineondjig  signal 
ill  step  it  back  to  sttrge  one*  Thus,  an  ev'-n  number  of  pulses  arriving  ever 
:hc  input  line  will  leave  it  in  its  initial  condition  whcrciis  an  odd  nu^jur 
lethvem  it  in  tbu  other  state. 

The  tubes  T^  and  T^  in  FX-1-109  act  cs  triggering  tubes.  Tithonever 

a  positive  signt'l  arrives  an  the  input  both  of  these  tubecA begin  to  conduct. 

This  causes  th ;  grids  ?nd  plr  tss  of  both  T.  and  T  to  take  negative  swing. 

i  U 

Since  T^  is  off  it  has  nc  effect  there,  but  T^  is  caused  to  go  off.  As  T^ 
goes  off  its  plate  becomes  more  positive  ind  through  condenser  Cj  the  grid 
of  also  tPkes  -  positive  swing,  as  T^  begins  to  conduct  its  plate  takes 
a  negative  swing  and  this  through  condenser  C2  further  c-usem  tidiu  to  go 
off, 

Thu  static  output  circuits  aru  very  toile  r  to  the  outputs  of  the 
fli{>*flop  described  above.  The  positive  output  has  the  high  potential 
(relative  to  the  other  output)  whenever  the  Hi  counter  is  registering  a 
positive  number.  VJith  tube  conducting  vnd  T^  not  (as  illustrated)  the 
neon  bulb  labeled  P  will  bu  lit  and  the  on^.  Irbulcd  II  not, 

a  counter  simil-  r  to  the  m  counter  is  used  in  the  dividcr^squarc 

rvotcr. 

Decride  ring  counters,  a  dce.  de  ring  couj»tcr  is  a  tun  stage  (with 
two  tubus  pur  8t»gc)  ring  counter  with  tun  different  stable  states.  Each 
at'ige  has  two  tubes  which  will  bu  eallud  ruspcctivcly  tube  I  nd  tube  II. 

Only  one  tube  of  &  eh  st' g-  is  conducting.  If  tube  I  is  conducting  th^t  st"ge 
will  be  s  id  to  be  in  st:  te  1;  if  tubu  II  is  conducting  th  .n  th;.t  will  to  s-ld 
to  be  in  state  II.  The  st'^blc  st'-tc  of  the  whole  ring  is  with  one  st'-gc  in 
st,tc  I  -ind  thv.  other  nine,  st  gus  in  strt'.  II.  Th^.  circuit s  (sec  thu  cross 
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lion  PZ— 5^11$  or  the  deer'-dfc  wiriiii^  dirgrcja  FX-5-133)  vc  so  arranged  that 
one  st^gc  is  in  state  I  "Ad  'i  pulsJ  is  roeciTcd  it  sill  go  into  stite  II  •ml 
3  next  followin"  stage  mUI  go  into  st?te  I,  Pulses  th:.t  step  thw  ring  arc 
native  and  're  introduced  cn  rll  th3  cathodes  of  the  tubes  II.  This  pulse 
ttle  •.ffoet  on  thT  st'gcs  in  st'jta^  II  but  e:-ua<.s  the  stage  in  state  X  to  gp 
-to  st'itc  H.  AS  this  strge  goes  from  state  I  to  H  the  c'irrjMnrer  dreuit 
•uses  th-.  next  following  st^gs  to  go  into  st?.te  I.  The  f&et  that  this  cirrj~ 
rcr  pulse  (through  the  50  pf.  condenser)  sill  be  in  conflict  with  the  stepping 
ilse  "pplied  to  th  cathode  requires  careful  design  to  bbt;  in  reliable  opcrction. 
"qusj  the  st  Japping  pulse  Dust  be  of  precise  sh^pc  end  duration,  and  the  c'.rry 
▼cr  pulse  oust  evor-ride  it*  This  is  iiccomplishcd  by  putting  the  incosiing 
pulses  through  -  pulse  strndrrdizcr  (sec  suction  1.2.7*)  by  using  the 
proper  circuit  pcr.'Xictcrs  in  the  dcc'de  ring  circuit. 

The  two  c.  thodc  resistors  for  tubes  in  sttte  I  and  tiibus  in  state  II 
art:  80  chosen  to  permit  only  one  ssode  of  operation,  nc'Cvly,  one  stage  in  state 
I  end  the  other  nine  stages  in  8t:;te  II. 

Other  ring  counters.  There  arc  •  ntiabcr  of  other  ring  counters  in 
the  various  units  of  the  EKIaC.  Lssunti^Hy  they  differ  trasi  the  dee-tde  rij^ 
counters  only  in  the  nunber  of  st'.-g-.s  they  contrdn.  a  list  of  these  ring 
counters  follows: 

a)  The  rscc?tcr  ring.  (Sco  PX-5-II5)  The  rcpc'.tcr  ring  is  used  in 
each  aecuDul".tor  to  count  thu  nuder  of  tines  a  pr.rticul'ir  repeat  program  control 
ppcr'>te’s.  This  ring  ^nd  its  pulse  standerdizer  're  built  in  one  plug-in  unit. 
This  s'-DC  plug— in  unit  is  used  in  the  Divider— Square  rooter  for  a  different 
purpose,  see  (d)  below. 

b)  The  cycling  unit  ring.  (See  PX-9-307)  There  is  i  twenty  stage 


ring  counter  in  the  cycling  unit  which  controls  wh.t  happens  during  the  twenty 
pulse  times  of  '-n  "ddition  tioe. 
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e)  The  multiplier  ring,  (See  FX-6-308)  This  ring  controls  the 
sess  at  miltipliection.  It  consists  of  fourteen  stages,  ten  of  whld)  are 
oeitited  with  the  ten  digits  of  the*  miltiplicr  which  be  used  in  nulti* 
'cation. 

d)  The  dividerwsqurre  rooter  progr^xn  ring.  (See  PZ-lC>-304)  This 
ng  controls  the  b^jginning  and  fin'-l  p^rts  of  the  processes  of  division  co* 

marc  rooting.  It  is  a  nine  stage  ring  which  with  its  pulse  standardizer  is 
'cntical  with  the  rcpeatt.r  ri.ng  plug-in  units,  (sec  a)  above) 

e)  The  dividcr-squ^.re  rooter  place  ring.  (See  FX-lD-304)  This 
.  :n  stage  ring  keeps  tr:.ck  of  the  pl.ee  In  the  divisiok  or  square  rooting 

Tocoss.  This  ring  is  identic*  1  'idth  the  master  progrrimur  decade  rln^s 
(see  i)  below), 

f)  The  function  table  arguaent  ring  counters.  (See  PX-7-30il) 

These  rings  (a  units  ring  of  ten  stages  rnd  a  tens  ring  of  eleven  stages) 
recc-ive  the  arguiaynt  from  an  recuBulatar, 

g)  The  function  table  prograa  ring.  (See  FX-7-3^)  This  thirteen 
stage  ring  controls  the  setting  up  of  the  function  tcble  networks  and  counts 
the  msibcr  of  times  (\^  to  nine)  the  functional  value  naj  bo  tr..nsDitted. 

h)  Master  progr-mcr  decade  rings.  (See  PX-8-304)  There  are 
twenty  decade  rings  loc^ited  m  the  two  p'-ncls  of  the  master  progruatner.  These 
emt  be  used  to  count  the  nucb-:r  of  times  certain  sequences  of  eooputitiona 
arc  performed. 

1)  Master  programer  stepper  rings.  (See  PX-6-304)  There  sre 
ten  six  stage  rings  which  hre  r-.ssoci'-ted  with  the  ten  steppers  of  the  master 
prograianer.  These  control  the  output  of  the  progr'.m  pulses  given  out  by  the 
master  progr aimer, 

1,2,3.  G’lte  Tubes. 

Besides  being  able  to  count  -und  record  pulses  at  high  r"‘tC8  it  is 
necessary  to  control  the  puls.s,  switching  them  into  one  unit  or  another. 
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In  order  to  do  this  auickly,  cleetronis  switching  is  used*  A  vaeum  tube 
used  ixS  a  switch  so  as  to  ^  lion  or  d^n/  pi-.ss^gc  of  pulses  or  other 
is  known  as  a  gate*  Gate  tubes  ore  used  in  the  EKIAC  for  a  variety  of  control 
purposes*  They  connect  the  inout  chonneXs  of  :  ny  given  r.ccuDulator  to 
p>orticuXar  digit  tr.ys  when  desired*  They  rxe  usvd  in  the  carry-over  circuits 
to  pfss  cvrry  over  pulses,  E'^ch  progr Visaing  circuit  eont.ins  many  gate  tubes. 

Uost  of  the  gating  or  swltchipg  in  the  EliLiC  is  accoc^Iislied  by  the 
use  of  multiple  grid  vacuum  tubus*  Various  gate  tube  circuits  are  ilXustrPtod 
on  d-i.'  rr'm  PX-1-I06*  If  there  is  no  in^ut  signal  ic  either  control  grid  of 
the  gnte  tub^  of  PX-l-106,thc  second  ccxitrol  grid  is  at  abvut  This  is 

well  b-lov  cut-off  for  thrt  grid  (cut-off  is  -14  volts  for  6SA7  with  the  first 
control  grid  connected  to  the  cathode)*  laoreover,  the  first  control  grid  is 
at  -40  volts  which  is  well  below  cut-off  (-7  volts  if  second  control  grid  is 
connected  to  th;;  cathode),  so  the  tube  is  not  conducting  and  the  potential  on 
the  output  is  ne:r  '-<»160  volts.  If  rjty  positive  signr.l  (of  about  $0  volts) 
arrives  on  cither  control  grid  the  tube  will  not  conduct*  Thus,  any  signal 
arriving  on  the  first  input  h:is  no  effect*  However,  if  a  signal  arrives  <» 
both  grids  the  tub“.  will  conduct  :jid  the  plctc  potential  will  drop*  For 
example,  input  2  n:-.y  connect  to  the  pl^■te  of  rn  inverter  tube  (sec  section  . 
1.2.6.)  which  is  normrlly  on*  If  this  inverter  tube  is  conducting  and  the 
circuit  paranuters  e.ro  prop-'-rly  arranged  the  potential  of  control  grid  2  will 
be  well  below  cut-off  and  ®ny  signal  arriving  on  control  grid  1  will  not  be 
p.':sscd*  'fhen  th*  inverter  is  off  the  second  control  grid  is  at  about  ^20  volts 
■  nd  any  positive  sign'-l  rrriving  vt  the  first  control  grid  Vdill  be  passed* 

The  resistance  .nd  voltages  '.nd  even  the  typo  of  tube  used  in  gating 
circuits  vrrits  from  circuit  to  circuit  throughout  the  i^XnC*  Various 
situations  ..r.  illustrated  on  th.-  cross  sections  of  the  units  of  the  xJH.-.C* 

**  gate  tube  nay  c'^-liud  a  coincidv;nce  tube,  since  ;'»n  output  will 
bo  obt  .ined  only  if  th*.  si?,n- Is  ppliad  to  th.  inputs  one  and  two  coincide  in 
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tine.  Two  other  types  of  ooinddence  circuits  used  re^ectlrelj  In  the 
FVmetian  Tzible  and  the  li?.stcr  Progranmer  art  illustrated  on  Pl-l-lOt, 

In  the  ease  of  the  triple  coincidence  circuit  r-U  three  of  the  tubes 
1,  2,  and  3  Bwat  go  off  before  the  t»o  control  grids  of  the  80?  (tube  U) 
are  sufficiently  positive  for  it  to  conduct.  In  the  kltister  Progrrjsacr  circuit 
any  one  of  the  tubes  2,  3,  5»  or  6  being  on  is  sufficient  to  hold  the  second 

control  grid  potential  below  cut-off.  Thus^  the  goto  (tube  1)  will  conduct 
only  when  thcri.  is  e  positive  signal  on  th--  first  input  raid  ttae  five  tubes 
(2,  3»  k,  5  ^  6)  are  off. 

The  positive  goto  potentials  which  oust  be  supplied  to  a  g^'te  tube 
for  switching  purposes  c:n  be  dbt  ined  fr<m  the  outputs  of  a  flip-flop  (see 
section  1.2.1,).  mth  the  proper  rcliitionship  of  st^^ily  volt<)gu8  f<a'  the 
gate  tube  and  the  flip-flop  one  of  the  outputs  of  the  flip-flop  may  be  con¬ 
nected  directly  to  one  of  the  control  grids  of  the  gate  tube.  Thif  effect 
obtained  is  that  of  a  switch  which  nuy  be  opened  or  closed  at  desired  times 
by  pulses  applied  to  the  S  or  R  inputs  -of  the  flip-flop. 

As  a  matter  of  policy  the  grids  are  driven  to  saturation  when  the 
tubes  are  on  and  they  arc  three  to  four  times  below  cut-off  when  off.  This 
means  the  circuits  are  not  amplitude  sensitive,  that  is,  a  considerable  change 
in  supply  potentials  £nd  in  tube  cr;nduct7nce  (due  to  aging)  will  not  effect 
the  reliability  af  operation.  Furthermore.,  to  avoid  coincidence  problens 
pulses  are  never  used  to  g'*to  other  pulses^  th't  is,  .-t  least  one  grid  of 
a  gate  tube  is  always  operated  by  a  gate  voltage. 

1.2.4*  Buffer  Tubes. 

Ueny  occ  -sions  arise  in  iddch  it  is  nccess  xy  to  couple  two  or  more 
circuits,  say,  a,  B,  C,  etc.,  to  another  circuit,  X,  so  th:^t  any  one,  say  a, 
e»n  operate  X  without  ^.^ffccting  th%  others,  B,  C,  etc.  This  can  be  done  by  the 
use  wf  buffer  tubes  cs  illustrated  ,-n  PX-1-107.  If  such  tube  has  its  grid 
below  cut-off  thon  uiy  ch'-nge  in  pl.-.t--  potential  will  not  c.usc  any  disturbance 
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in  the  potentiala  tin;  gri&  cir  ecthode  ^reults*  tiuim^  the  pldtes  ol  s. 
nuober  of  «ieh  tebcs  (rcpreacating  the  circuits  A,  B,  C,  etc.)  n^.j  be  can- 
neeted  together  te  the  input  of  the  circuit  X.  If  the  grid  of  xe  cf  these 
buffer  tntoee  reeclTes  e  positiTc  signal  the  tube  will  go  on  causing  &.  negative 
Input  signs!  to  circuit  X.  This  eill  c^use  no  dlsturbonce  in  the  grid  potentials 
of  the  tubes  which  do  not  go  on.  On  the  other  hand  no  hsn  is  done  if  ncre  than 
one  buffer  tid>e  goes  an* 

A  good  iUustri'-tis^n  of  the  c.ction  of  buffer  tubes  is  given  on  the 
accumulator  cross  section  PX-5-115.  There  >tc  eight  clear  gate  buffers 
(CL.  G.  B.,  tube  63)  with  the  plotcs  (CBj)  all  connr:eted  to  the  grid  of  an 
inverter  tube  (i^O  in  the  gete  unit).  If  ^'ny  one  of  these  buffers  begins  to 
conduct  the  potential  on  ^11  the  plates  and  on  the  grid  of  JSO  will  fall.  The 
only  effect  tail  be  that  J50  will  go  off.  Althcufh  th«;  grids  >T  these  clear 

a 

gntc  buffers  arc  directly  connected  t the  gate  tubes  68  in  the  transceivers, 
these  g:-tes  are  n  ^  disturbed  in  the  other  seven  tronseeivors* 

1.2.5.  Cathode  PoUaiers. 

A  c.-th.do  follower  is  illustrated  on  PX-1-107*  The  ii4)Ut  of  this 
tube  is  connected  to  the  pl::to  of  inverter  tube  which  is  n^xiarJJx  on. 

This  holds  the  grid  potentirl  >f  the  cathode  follower  bel>w  cut-off.  If  a 
signal  tiirns  this  inverter  tuba  off  the  grid  will  rise  1 0  about  50  ^Its  and 
the  cathode  follower  will  be^in  to  conduct.  aS  the  tube  got.s  on  the  cathode 
will  rise  in  pctenti-1  giving  a  p -sltive  rutput.  This  rise  in  potential  is 
United  by  the  grid  pcti  ntial. 

Thus,  in  the  case  :f  a  cathoda  follower  .0  positive  input  gives  a 
positive  output* 

1.2.6.  Inverter  Tbbes 

If  positive  pulse  or  g  t^i,  r:.ther  th?!n  •:<.  neg  -tivo  one,  is  required 
(in  i.rdor  tj  .per: to  -.ni-tht-r  te  tube,  for  cx'tmplt;),  thon  an  additional  tube 
isist  be  inserted  in  the  circuit.  This  tube  is  known  \s  -sn  "Invorter'',  It  is 
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noraalXy  eondaetlng,  and  when  a  negative  potential  is  applied  to  Its  ^td,  so 
as  to  bias  it  to  cut-off,  a  positive  ehongc  in  piste  potential  takes  pises. 
This  may  then  be  used  to  operate  i^tht^r  tubes,  normally  non-e  .'oduetisg  In  the 
desired  way. 

The  role.  s.  gala  tube  is.  thcit  of  the  logical  "and"  while  a  buffer 
is  similar  to  a  logical  "or",  ^rrangmiicnts  of  inverters  such  as  illustrated 
on  FX-1«1&6  also  eir responds  to  the  logieel  "and”. 


1.2.7*  Pulse  Standar<^aer. 

It  has  been  mentioned  that  in  tho  operation  of  a  counter  it  is 
necessary  thr.t  the  input  pulses  have  certain  shape  and  magnitude.  Dis¬ 
tortion  of  pulses  because  of  tho  capacitance  of  intcrcvsuiecting  circuits  *?»d 
because  of  pzissage  through  various  g?.tc  tubes  !iicki.s  it  necessary  to  use  pulse- 
standordizing  circuits  at  the  counter  input  to  secure  reliable  operatiam.  The 
pulse  standardizer  circuit  includes- a  flip-flop  different  f^^  that  discussed 
in  1.2.1.  in  thft  one  of  its  states  is  cnly  seni-stable. 

after  an  input  pulse  has  flipped  the  circuit,  it  will  flip  bsek  to 
its  original  state  in  a  time  detennined  by  the  circuit  constants  and  practically 
independent  -of  the  input  pulse.  (See  fX-l»110). 

The  cxplsmtion  zt  this  action  is  as  foUewsa  the  values  of  R^,  R^, 
and  R,^  ore  such  th  .t  when  tube  is  conductixig,  the  current  through  R^  biases 
tube  t2  to  eut'vff.  If  a  negative  pulse  is  applied  to  the  input,  g-ias  jft 
.'.nd  tube  is  turned  on,  and  the  voltage  r?t  the  plate  .'t  tube  T2  drops  because 
of  the  current  thr-ough  R, .  This  voltage  drop  is  trr4nsmitted  to  the  grid  cf  tt^s 
Tj  thr  ough  the  eapaeit  :r  zsid  tube  T^  is  thereby  cut  >ff .  However,  this 
negative  bias  is  gradually  lost  because  current  then  flows  through  R^  to  the 
grid  •I'nd  the  eapucitor  C^,  theref  ore  after  ^  tine  which  depends  m  tho  preduet 
R^Ci,  tube  ty  is  n  *  longer  blissed  t  j  cut-off;  ond  us  it  begins  t^  conduct, 
the  inere<'.-scd  current  through  R^  begins  to  bios  tube  T2  t.>  cut-off  again.  This 
change  in  tube  T2  ru~et6  rn  tube  T^,  and  the  action  is  accelerated,  flipping 


X  -  IB 


the  circuit  b:»ck  t »  its  riginal  at^te. 

INhen  used  to  supply  pr.;p<srly  ^eped  pulse  t-'*  s  c mt^  this 

circuit  includes  a  p-ucr  output  ttd>G.  T  • 

4 

Special  pulse  standardizer^  m  diagrra  ct  the  ^ceiHl  pulse 
standc*«rdizer  appesrs  on  PX-1->110«  The  dLcgraa.  sh^vs  a  snitch  >'«  thee  inpat| 
actually,  there  are  three  of  these  circuits  all  lec^ted  in  the  cycling  unit 
(see  PX*^-307^,  r'Btf  the  rcspectivo  inputs  erae  trtji  (~)  the  initiating 
pulse  snitch  on  the  front  p>.'nel  of  the  initiating  unit,  (h)  tho  reset 
cam  of  the  lEQI  punch,  and  (e)  f^cm  the  finish  can  ■>£  the  TM  reader* 

If  the  snitch  is  closed  the  c-ndenser  will  discharge  through 
the  t.TK  resistor*  The  tirac  c  onstant  f  t  this  discharging  act!  >n  is  slightly 
nTe  than  2  milliseconds.  Thus,  the  switch  sh.'uld  be  closed  for  a  period  of 
at  ler>8t  this  many  mili8cc  >nds*  ns  the  condenser  discharges  the  grids  jf 
tube  T^  dr  'p  in  potential  and  the  tube  goes  off* 

After  the  switch  is  opened  the  time  constunt  f ^r  charging  is  about 
50  oiliscc  .'nds,  Thoref..re,  if  the  switch  were  pushed  again  bofure  the 


c -ndenser  hc^d  recharged,  th<:  tube  Ti^  would  h.^^ve  m<t  b<;gan  to  conduct  again 
end  there  w.uld  be  no  .utput  pulse  the  second  tioE.  The  timtf  constants  here 
ore  purposely  slow  (compared  t  :-  the..spsud  of  <  pcrs'ti  n  'f  the  ENIaC)  tv  prevent 
any  chatt  .ring  :-f  the  e::nt^et8  :f  the  switch  ( or  th':r  transient  effects)  from 


c--.using  m.rc  than  one  pulse  t  '  be  given  out* 

,»s  tube  T^  goes  off  its  pl:^te  p:  tenti:J.  rises  causing  tid)e  T2  to 
conduct*  The  flip-flop  *cti;n  of  tubes  T2  ’nd  T^  gives  a  negative  pulse  to 
the  Condenser  c?  using  the  tube  T^  to  go  iff*  Vihether  T2  remains  off  jt 
n.t.  (it  will  remain  off  es  long  as  the  switch  is  cl  sed)  the  grid  of  will 
ch'rge  up  thr  aigh  the  IBOK  resist  rs  causing  th«  tube  t.  c  nduct  again*  The 
time  th:rt  tube  T,  Is  ..-ff  is,  theref  re,  independent  f  the  length  of  time  thrt 
th'i  switch  makes  contact*  Note  thot  rele'sing  th*?  switch  cuusi.s  T2  tv  g-  off 
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giving  a  positive  signal  thr  urh  the  c-ndcnser  to  the  grid  of  1.  .  Since  T. 

4  4 

is  already  conducting  this  positive  pulse  hiS  no  effects 
I.2.8.  Transmitter 

108  shjKs  the  details  of  a  trinsoitter  circuit*  Because  af 
the  large  e.-ipaeit/’ncbs  associated  eith  the  intercennection  circuits^  such 
as  digit  troys,  program  trays,  ^nd  p^tch  cords,  it  Is  necessary  ta  use  power 
tubes  Working  into  relatively  Isw  la  -d  resistances  order  to  transnit 
pulses  fm  >:n^-'  unit  to  another  nt  the  rate  af  100,000  pulses  per  socand* 

Thv^.se  pulses  ar?  positive  In  order  t  *  operate  gate  tubes  and  buffer  t^aa 
In  the  aecuDUlators*  The  diagrea  r.f  PZ-l.lOB  Ulustrrtcs  the  method  jf 
achieving  this. 

The  •vutput,  or  tmsaittcr,  tubes  have  a  low  resistance  in  the 
cathode  circuit,  220  ohms*  This  Ir^d  resistrnce  is  located  in  a  load  box  tnd 
is  plugged  into  a  socket  in  tho  digit  or  program  trunk  into  which  the  tfansrV 

nitter  output  ^is  fed.  .  The  lo?d:  resistance  cannot  be  connected  ^permanently  to 

*■»  — 

the  cathodes  of  the  transiaitt^  tubes. since  depending -.upon  the  Juiq)er  eonnee- 
tiood^de  :>n  tb:;_^rjnt  pant^l  sever:^.  transmitter  tubes  may  feed  into  the 
same  line*.  -Thus,  Just  one  load  box  oust  be  pluggedyinto. eae^  digit usnd  each 
progrfci  trunk  .O',  r  .  ..-it'  ..  -c  .  s-.  .  c>:’£  i?;, 

vThe  transmitter  tubvs  rx'-  normally  ..-ff.t  Since. the  s^utput  load  iar 
essenti.  Uy- a  large rC'pi  cit'nci;,  the  positive  pulse  be  .  produced  quickly 
only  by  driving  the. grids  f. these  output  tubes^pc^itive  :i9ith  respect  tP, 
their  ccthodcsi  In  order  to  B£Jce  the  output  pulse  ^ji^litudo  stable,  i  the:  grid 
must  be  sufficiently  positive  so  <'<s 'to.  rc j.cb  the  .saturation  current  for  the 
tube."  Considerable  grid  current  will  then  flow,  and  it  is  necessary  to  pro¬ 
vide  another  tube^  kn^wn  as  the  driver ‘tnbe.,  capable  of.  maintaining  the  re¬ 
quired  grid 'p-otontial  under  these  .c 'nditi'ais.  The  driver  tube  is  actually 
a  smaller  power  tube.  It  is  n.nv-lly  c:^nducting, '  and  is  cut  off- by  a  negative 
pulse rinput  to  its'  ^id.  •  r  .  ct  .  ‘ 
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Wicn  a  signal  rrrivea  at  the  driving  tube  the  grid  dr^ps  fna 
about  -105  v^lts  to  appr«'xii!i:itcl7 -I65  Tolts.  This  causes  the  driver  tube  to 
go  off  raising  the  grid  putential  of  the  transoitter  tubes,  as  the  trans- 
nitters'gp  on  the  cathode  potential  rises  to  -obout  45  volts. 

The  digit  outputs  of  the  divider  end  nultiplicr  do  not  have  standard 
truisnitters.  They  have  inverter  tubes  with  built  in  load  resistances.  Thas« 
the  lines  that  these  tubes  feed  into  nnist  net  have  load  bajKus  and  ftsP  reliable 
operation  the  pulses  sh^tuld  not  be  fed  into  a  trsnsmissiou  systea  exceeding 
t^  loading  rules  stated  in  the  operator's  laanual. 

1.2.9.  Receiver  Plng-ln  Pnit^ 

The  wiring  details  of  a  receiver  appear  on  the  accumulator  cross 
sectitui  ’  (FX-5'~’li5  while  a  block  diagram  representation  of  the  receiver 
apperjs  on  PX-5-3Q4  (/>ccunuli*t  or  block  di:gram).  For  a  detell  wiring  diagram 
jf  a  receiver  plug-in  unit  the  reader  is  referred  to  FZ-5-148. 

The  incoming  signal  arrives  at  ?.  buffer  (tube  66)  turning  it  on. 

This  causes  a  drop  in  the  plate  p.tentixl,  thr.t  is,  this  tube  inverts  the 
signal.  The  negative  output  of  this  buffer  ii  used  to  set  the  flip-flop  (64t 
65  say).  The  positive  (that  is,  positive  after  initial  clearing)  output  of 
the  flip-flop  feeds  into  idi;t  is  called  a  fast  buffer  -utput  (62  ind  63).  This 
is  an  inverter  (62)  operating  cath.>de  follower  (63).  The  inverter  is  neroally 
on.  When  the  flip-^flop  is  set  the  deere-;.sc  in  pc'tuntial  on  the  output  turns  the 
inverter  jff  and  the  cathode  follower  on.  This  ;ives  a  positive  gate  on  the 
output.  The  normally  ncgc-tive  output  of  the  flip-flop  goes  to  a  buffer  tube 
(62)  forming  what  is  c-’llcd  tho  slow  buffer  output.  The  time  constant  for 
this  output  is  much  longer  than  that  vf  the  so  c.'lled  fast  buffer  output} 
this  eaqplalns  the  tcmlnology. 

The  negative  .utput  of  the  flip-flop  .'dso  goes  to  the  grid  of  a 
gate  tube  (6I).  VVhjn  the  flip-fl.p  is  set  this  s?.te  crui  p.ss  a  reset  signal 
causing  the  flip-flop  to  reset.  In  the  cr.se  of  receivers  used  in  the  accumu- 
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latars  the  other  grid  of  this  gate  is  eonnuetod  to  the  central  progm 
pulse  (CPP)  line.  Since  the  set  signal  is  usually  a  CPP  gated  at  some  other 
wiit  of  the  EHI^  the  receiver  eiH  start  to  cone  on  at  about  pulse  tine  17 
Cor  slightly  later  depending  upon  tho  tine  const  r.nts  of  the  intervening  path) 
cf  one  addition  tine,  at  pulse  time  17  of  the  ncact  additiro  eAnn  the  reset 
gate  (the  tine  constants  are  such  th/\t  this  does  not  open  in  tine  to  pass 
a  resetting  CPP  ehieh  would  C'Xtflict  with  the  setting  progran  pulse)  pass  a 
CPP  which  resets  the  flip->flop»  Thus^  the  receiver  is  on  for  c»ie  additioa 
tine.  In  other  units  (in  pr:rticul''orf  in  the  divider  and  multiplier)  the 
reset  pulse  passes  through  other  g^jtes  which  allow  the  receiver  to  renain 
on  n^c  than  one  addition  tine. 

1.2.10.  Transceiver  Plug-in  Unit. 

AS  with  the  receiver  the  wiring  details  cf  a  transceiver  appear  on 
the  nccuoul&tor  cross  section  Pl-5-115  sAd  a  block  diagr  m  representation 
appears  on  the  aceuraulator  block  dia<^am  For  a  detailed  wiring 

diagran  of  a  trenseeiver  the  reader  is  referred  to  PX-5-147* 

AS  far  iis  the  fo.st  buffer  mtput  is  concerned  the  transceiver  is 
identical  with  a  receiver.  On  the  nomf-lly  negrtive  output  of  the  flip-flop 
arc  two  buffers  (61)  giving  two  slow  buffer  outputs.  This  line  also  feeds  a 
reset  gate  (62).  The  output  of  the  reset  gsto  goes  through  an  inverter  (6$) 
to  two  more  buffer  outputs  (63)  ’ond  to  a  g''.ti  (68)  which  passes  a  CPP.  The 
CPP  possed  by  this  gf.te  resets  the  flip-flop  :;nd  goes  through  a  transmitter. 

The  usual  a;''dc  of  yperr.ti^n  is  as  follows,  ^n  inc’^riing  program 
pulse  goes  through  a  buffer  (69)  sets  the  flip-flop.  The  gates  provided 
by  the  fs'-st  and  slow  buffer  outputs  arc  used  t■^  e?use  the  unit  to  perform  s 
certain  task.  V,hen  the  task  is  finished  a  sign'l  arrives  at  the  gate  opened 
by  the  normally  negative  (n‘>w  positive)  output  of  the  flip-flop.  The  gate 
passes  this  signal  turning  off  an  invertor  giving  tw»  m  ;re  output  gate  signals 
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and  opening  another  gate  to  pass  a  CPP.  This  CFP  resets  the  nip-flop  and 
is  trensnittcd  (via  cables  snd  progrra  tnink)  to  sene  other  unit  to  progrcia  the 
next  step  in  the  cooput^tion*  The  delijed  buffers  (63)  furnish  gate  sfgngjs 
whidi  oay  perfora  the  fXnnl,  ports  't  an  operation  such  as  the  ease  of  an 

I.3.  BLOCK  4110)  CSiOSS  SECnCN  DLi3L.&£S. 

(Chanters  II  to  X  are  deroted  to  descriptions  of  the  Tsidaus  units 
of  the  EHL.C>  The  descriptioas  of  the  units  niU^  in  general^  be  given  in 
terns  of  block  diogr^ns  and  cross  section  digerM^,  a  block  diagram  uses 
circles  and  rectangles  to  represent  various  electronic  devices^  and  has  the 
f  jlljuing  purposes: 

1}  to  aid  in  understanding  the  various  circuits  and  their  operation 
without  going  into  detcils. 

2)  to  en-oble  pe^iple  with  coi^nit.tional  problxsis  to  understand  the 
I3IL.X  sufficiently  (irrespective  of  their  eleetrixiic  background) 
so  as  to  adapt  their  problcas  to  it. 

3)  to  assist  the  nsdntcn'nce  nan  in  finding  mechanical  and  electrical 
failures. 

Oi'ss  section  diagr^ns  give  topical  circuits  in  all  det'il^  that  is,  all 
resistors,  condensers,  inductances,  tubes,  voltages,  et  cetera,  are  given. 

If  a  unit  e.'intains  nsny  circuits  which  are  pr'-cticz-lly  identical,  only  me 
appears  vin  the  cross  seeti'on.  The  cross  sectims  have  the  following  purposes^ 

1)  to  enable  the  pers  >n  with  zn  electronic  baekgr  nind  to  understand 
in  detail  hou  the  LHIwC  operntes. 

2)  to  assist  the  service  nan  in  rn'king  proper  replactinents  of  ports. 
AS  a  gener?!  practice  in  the  f.-U-siiing  chepters,  prograoming  details 

(switch  settings  ’ind  plugging  -f  int^irc-nnect'  rs)  will  be  described  only  to  the 
extent  required  to  understand  the  circuits.  F'r  nre  detailed  progracoing  and 
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illiutr%tiTC  set-i^s  the  reader  is  referred  to  the  eorreapoodiag  chapter 
end  sectlana  of  part  Z  of  thla  ropori. 

Aa  atandard  jarBctlcc  on  all  block  dii'g^szie  the  foUoidag  CiaBfeatljaa 
will  be  foliated! 

1)  Broken  llnca  indicate  pulae  ccTrjlng  linca  while  s^dld  liaee 
cacrj  gates* 

2)  Tubea  (exe^t  for  atagea  of  ilnga  and  pulae  atandardixerB)  which 
arc  Ronellx  conducting  are  ahrded,  cthera  not.  The  word  "ncaval- 
I7”  here  neana  Ijanodiatelj  after  initially  clearing,  or  in  the 
caao  of  the  CTcllng  unit,  the  situation  which  cxiata  whA  the 
ring  ia  at  atagu  xero  and  no  pulae  ia  cooing  fr^  the 
oaciUetor. 

3)  Plug-in  units  will  be  represented  bj  reetAnglee  with  heavj 


borders. 
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II.  ZHITLiTIitG  imiT 

The  initiating  unit,  as  the  nane  implies,  contains  th*  eentrvXr 
vdiieh  start  and  stop  (turn  on  and  turn  off  the  ^ser)  the  EHLtS.  There 
is  a  push  button  on  x.he  initiating;  unit  front  panel  (see  FZ.9.302)  ehleh 
initially  clears  the  EITL^C,  that  is.  it  clears  all  decades  to  their 
saro  stage,  clears  PL  rin^jS  to  their  first  (P)  stage,  repeator  rings  to 
sta^e  ono,  and  prog: an  controls  to  thoir  unactivatad  stc.tc,  and  so  forth. 
Tho  prograa  tcrr.inals  and  controls  for  the  I2.i  rgeJ^r  ar.d  punch  arc 
located  on  this  panel.  Frota  theso  controls  progrsu  pulses  can  cause  the 
render  to  read  a  new  card,  or  the  printer  to  print  th^  nunr^rs  registered, 
in  certain  accuinulutors  and  ;possibly  son',  d.cnilcs  of  th:.  nnst.r  progrnancr. 
Also  there  is  a  push  buTten  by  miieh  tho  r^::i-r  cay  bw  eausod  to  reed  a 
n-'.7  c:jd.  'lien  th .  Curd  ro.ding  is  finish  d  an  interloch  signal  has 
orriyed.  a  progr-aa  pulse  is  giyK.n  out  froz:  on-^  of  tht.  t-rainals  on  the 
front  p-jiol  (s  «  P2UgL302.  tcrnin-1  A^).  Th.  interlock  signal  is  a 
progr.'js  ;,julse  indicating  thi.  Z>il.£  hue  finish. a  sae.a  other  so^uunec  of 
eo.nput..tion8  niiich  was  going  on  siAulaaneously  'S'ith  the  card  reading. 

In  rmnual  oporation.  by  the  push  button,  no  interlock  signal  is  needed. 
Likewise,  vihen  the  printer  relays  hayo  set  at  the  beginning  of  the  card 
punching  cycle  a  pro.^ai  pulse  is  obtained  freu  a  tori-inal  on  the  front 
psuicl  (terr.inal  Pq).  Those  pulses  can  be  carried  oyer  lines  of  a 
pro  Tam  trunk  to  socio  oth.r  unit  of  the  2.1aC,  causing  sodc  other  opera^ 
tion  to  take  place.  There  is  another  push  euteon  w.^ich  produc-S 
is  callsl  an  Liitiating  pulse  (at  turcLira  ij  xhr.t  cen  be  used  sl..ilar- 
ly  to  tha  r eader  and  printer  progr.r: 


output  puls .s. 
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program  input  and  output  terminals  (C^  and  on  Pl.9-302)  assoc  luted  with 
*1^  which  trans'.iit  the.  scJLret_Jvr__clcar__sa^c  over  the  cycllAf 

unit  trunk.  This  sclwCtivc  cl.ar  gate  (SCG)  goes  to  each  of  the  twenty 
accu:.tiilators  and  causes  those  *i?hieh  are  so  set  (set  to  soluctiue  clear) 
to  cle.-'iX.  is  another  push  button  vrhlch  sliunts  out  the  door  switches 

and  allows  the-  £.  I.d7  to  be  operated  ~.7ith  the  doors  of  some  of  the  units 
off,  this  is  called  thv  door  switft:>.  ■>:hnirf‘^ 

2.1  STaRTIiIG  .rt!&  STC??L;G  a*iUi2?C£  .-^;C  liUrLiL  GLSaR 

The  foll9«7ing  descriptions  will  bs  given  in  terms  of  dlngrsms 
P^l-101  (Po\75r  and  control  rd.ring  for  the  Ei'LiC)  end  PX-9-307  (Cycling 
unit  and  initiating  unit  clock  alagram).  The  right  hand  portion  of 
PZ-9.307  shows  the  circuits  located  either  in  the  initiating  unit  or  on 
the  STdtehing  and  fuse  panels.  The  left  hand  portion  sho-.vs  the  circuits 
of  the  CTCling  unit. 

2.1.1  ITormal  Inltlr.l  Cenditiens 

The  normal  state  vd.th  thv  E1IL*.C  turned  off  is  to  have  relays  . 

C  and  n  (s-c  the  siapllfi.d  control  circuits  on  upper  rijht  corner  of 
7iUl-l01  or  s.e  th^  lo\7er  right  hjid  corner  of  PX.9-307)  .xtiv..ted. 

In  s-rics  with  rcl.y  C  arc  46  door  Evritclies  (shunted  out  by 
the  door  sv/iteh  shunt  -  sac  ?:U9.302).  .nd  43  thermost..t8.  If  any  one 
of  these  89  eontwCts  is  open  then  relay  C  will  be  unact ivr.ted •  and,  nn 
expl.  .ined  be  lor/,  this  meJees  it  lapossiblv  tc  turn  the  ENL.C  on.  The 
thermostats  ;jrc  locatol  in  the  tops  of  the  v.wious  units  v/hich  contain 
vacuuc  tubes.  If  th.»  tcBporoturc  of  -Jiy  one  of  these  units  rises  above 
115**  tho  correspond iiig  thermostat  cont..ct  will  open  :J(>d  turn  the  ExIIaC 
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off  or  prevent  it  froo  being  tamed  on  (until  the  unit  cools  down).  Vhen 
the  doors  ere  off  of  the  jacks  of  the  'verious  units  a  parson  is  exposed 
to  volti-ge  differences  cnounting  to  as  nuch  as  1500  volts.  Each  such  door 
operctea  a  door  which  uisa  raley  C  to  drop  out  (unless  Xim. 

door  switch  shunt  is  epbreti.d} 

^Ihen  relay  drops  out  too  P  tiaor  starts  (this  timer  nay  be 
set  to  run  frcu>  0  to  15  ninutes  before  it  closes  its  contact 
During  the  period  that  the  timer  is  ruiining,a  bell  will  ring  to  indlccts 
th.t  this  timer  is  about  to  turn  the  EillAC  off  (if  it  has  been  turned  on). 
This  turning  off  is  aecccplishjd  by  pening  contact  '.^ich  opens  the 
holdiiig  circuit  of  the  auxiliary  r' l^y  A.  This  la  turn  causes  all  the 
contactors  und  csrt^.in  auxiliary  rola^^s  to  drop  cut  shutlng  off  all  povar 
(d>e  .tnd  heater)  to  the  SITIAC. 

Thus.  IT  a  th.rmcstat  cx>sns  thr  circuit,  or  if  the  back  cover  is 
r:-oov3d  opening  a  d-.or  switch  ('.dien  the  doer  sv/itch  shunt  is  not  operated) 
the  P  tlnsr  starts,  p.  b»ll  rings,  .nd  ..t  the  end  of  the  period  (O  to  15 
minutes).  :J,1  po-./er  is  shut  off  free  tlij-  DijiAC.  This  time  intarvcl  gives 
tbo  cp^r  .tor  tirit.  to  perhaps  correct  th3  fault  (for  example ■  cheek  the 
vantilati'n  system)  before  tlie  po\/^r  goes  off.  This  system  is  deslgn«^ 
te  minimize  tho  number  of  times  the  heaters  are  turned  off  and  on  slnoe 
this  turning  eff  fjid  on  has  been  found  to  cr.use  nuTiiorous  tube  failures 
(burned  out  heaters  :jid  hsater^cathedo  shorts). 

The  relay  H  hr^  in  series  with  it  the  newer  supply  heater  phase 
failure  relays  (3  rel:;ys).  the  powar  supply  phase  failure  relays  (3  relays). 
;jtd  the  undor  voltage  release  rslwyc  (26  relays).  All  these,  contacts  »xa 
epon  when  the  po  or  is  off,  thus.  c.  centv-ct  on  relpy  g  (eentapt  Kg)  shunts 
th-se  circuits  until  relay  i;  is  «ctivr.tad.  Since  relay  K  is  not  aetivatad 
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until  e.  ainute  &Jid  t«n  seconds  £^ter  tht  start  button  Is  opsrr.tsd  or  ton 
ssconds  cJTtsr  tb*  d— c  powsr  cxias  on*  tills  dllcus  tii-  under  voltscs 
r9]a%so  rslr.ys  and  tlia  phc^s  failuro  relays  to  pick  up.  In  other  vr.trds. 
th^rs  is  no  underv:^ltr^c  ^r  phaso  fallurs  in-ot^cticn  during  this  ton 
second  Intcr'vnl.  If  there  is  an  undervoltage  (because  of  failure  in  seas 
power  supply)  or  a  phase  failure,  then  one  of  tli&so  relays  atIII  drop  out 
(or  not  be  picked  up  ..'hon  the  aacblne  is  started)  and  the  relay  H  -^111 
dr^  out  v.'h<»n  relay  Z  is  aetivutod.  As  »zplai=ied  belo;?  this  r.'ill  shut 
off  tlic  plat:^  supply  to  the  power  supplies,  and  eonso^uoatly  turns  off 
thv  d-c  to  the  I^kLiC.  This  leaves  all  the  heater  voltages  on  but  turns 
off  the  d-c. 

2. 1.  2  CoEplfcti*  SacuenCo 

(1)  Push  start  push  button  (on.  initiating  cait  front  panel.  PZp>9>^2). 

Relay  A  is  activated  (assuming  relay  C  is  activated).. 

Contactor  B  is  activated  by  a  contact  on  relay  A.  This  turns 
on  the  EJiL:.C  heaters  picking  up  the  h-ater  phase  failure  relays  (6  relays). 
R*lay  A  is  nos?.'  held  by  contacts  and  Bj.  Contactor  3  is  :.eld  by 
contacts  Aj  and 

The  start  pilot  (sjiber  light  on  Lnitiatlng  unit  front  panel)  and 
the  por.Tor  supply  tiiiie'  recorder  (on  initiating  unib  front  panel,  te-lls 
total  tine  t«iat  tli:-  por.’cr  supply  hsat:;re  have  been  on)  arc  turned  on  by 
contact  on  r-'slay  A.  If  any  d-c  fuses  are  blo-.n  then  a  circuit  through 
contact  and  n  contact  <m  one  of  the  d— C  fuse  relays  causes  relay  L 
to  pick  up.  This  ^/ould  prevent  the  d-c  po.-'vr  frasn  being  turned  on  by 
prav^nting  contiuctor  G  from  being  activated.  K  any  of  ths  pwicr  supply 
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f  lleQcn't  fusee  itlovn  t*ic.  relcy  ^  T7111  pick  up  and  hold  on  CMvt&et  Q2« 
Contactor  £  is  picked  up  hy  contc^ct  ^  on  celjty  A»  This 
supplies  potrar  to  the  fens  in  tlu  ▼cntiluting  cystsou 

StontfrCtor  D  is  picked  up  by  contact  on  contactor  S  (assumins 
rslty^  ^  Is  inactlvatod)  •  This  furnish:»d  power  to  the  power  supply 
hesterSa 

Ths  one— ninuts  tiacr  P  is  ste.rted  by  c.  conttiet  on  conteet^,^ 

D  provided  hs-tsr  pht^s  failure  rcl:.ys  hevc  picked  up«  Tuis  tlncr  runs 
for  ons  r.inutc  sjid  then  the  con  r.ct  lebclled  is  closed.  This  contact 
remains  closed  r.c  long  as  poner  is  applied  to  the  timer*  that  is*  as  long 
as  contfxtor  D  is  aetiT^.ted*  Ihsncv  r  por./sr  is  removed  the  contacts  open 
and  the  timer  resets  itself. 

After  one  nliiuts  th.  pov.'er  cu^pl}''  contactor  G  is  picked  up  by 
the  tlm:.r  ccnt-.ct  (assuming  r.lay  L  is  not  activ^.t-^).  This  contACt 
furnishes  power  to  the  plates  of  the  rectifiers  in  ths  powsr  supply  ^zkd 
thus  furnishes  d-e  pow-.r  to  the  ElTLlC^ 

Rol  '.ys  H  and  U  jid  th*  tsn  s&ccnd  tim.ir  J  are  plcksd  up  by 
cont..ict  6^  (31  contr.ctcr  G.  The  initi  .l  cle  a*  relay  i^io.  1  (a)  operatic 
cert;. in  rfil-  ys  in  the  Initiating  unit  '..'hich  proiuss  th^  inlti«.l  sl.ar  gate 
(ICC)  (see  Section  S.1.2).  Th©  14  unlcrvolt.-tie  rcleaSv  pick-up  ral.ays  1 
shunt  the  resistrjr.ses  in  series  \/ith  tiio  coils  of  the  undarvolt-go 

ralays.  Sines  the-  drop-out  point  for  *•.  r«lt.y  is  considerably  b&- 
loTT  the  pick-up  point  the  resistcmcjs  in  series  r/ith  the  coils  ;er6 
adjusted  ao  that  a  suall  drop  in  voltage  from  cne  of  the  'jo\/^r  suppli  -s 
Tt'lll  Cause  th^  r-rl*  y  to  drop  out  iiid  thus  shu*s  '.ff  aha  d— c  pei.^er  (by  rs— 
Ic  sing  relay  ’•  '.diich  picks  up  r^lay  L).  Tha  pick-up  point  is  than  too 
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high  these  relays  te  be  piekBd  up  by  the  voltage  ttoa  the  power  supplies* 

Thus,  for  a  period  of  ten  seconds  (during  the  running  of  the  taa.aa«^ 

timer)  the  re  leys  11  cause  these  resistances  to  be  shunted  with 

resistances  to  enable  the  relays  te  pid^npu 

Ton  seconds  lotar  the  eostact  closes  on  the  ton  socond  tinor* 

This  causes  rel^  £  to  pick  up.  Relay  Z  holds  on  a  circuit  throu^ 

eczEtaets  6^,  and  tho  initial  clear  push  buttrni.  *.1hcn  relay  K  is 

activated,  contact  opons,  releasing  relays  E  and  and  allowing  tho 

tiner  J  to  reset.  Contact  Z  opens  anplyii^  the  phase  failure  and  under 

d 

voltage  protection  (since  relay  i.  is  also  released).  Contact  Z  closes 

■  3 

turning  on  the  ready  pilot  (grev;n  light  on  initiating  unit  panel). 

The  green  light  Indicates  that  the  poser  is  on  and  that  tho 
ENLw  has  been  initially  el-ured  (as  described  in  Section  2, 1,2)  and  is 
r^ady  to  start  computations, 

2.1.3  The  d»e  off  Seouence 

Push  the  d.e  stop  button.  This  causes  relay  L  to  be  activated. 
Rwlay  L  renains  activntod  by  circuit  through  start  button  and  holding 
contact  L^m  Contact  opens  dropping  contactor  G.  This  shuts  off  the 
plate  supply  to  the  por/or  supply  and  thus  shuts  off  the  d-e  to  the  E311AC. 
Contact  G^  opens  dropping  relay  Z  (this  puts  the  initial  clear  circuits 
into  their  norsal  initial  state). 

If  a  d-c  fuse  blows,  one  of  the  d«c  fuse  relays  will  pick  up. 


This  v,lll  activate  relay  L  and  h-vc  the  secc  effect  as  pushing  the  d-c 
stop  button.  If  the  voltage  from  any  one  of  the  various  po'/cr  suppli.s 
is  subnormal,  one  of  the  und-rvoltagc  release  relays  v/ill  drop  out.  If 
th.rc  is  a  ph  .ac  failure  in  tlie  voltage  to  eith-r  the  J!Zll..C  heaters  or  to 
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the  powsr  supply  hs&t»rs  or  o=s  of  th^  phEso  fs.lliir«  rolays  will 

drop  out.  In  any  of  those  last  cts-is  relij*  :j  TjrlH  drop  out  closing  tho 
eont£.ct  This,  s^g^in.  h:^  th'i  sane  sffect  iS  •tho  d*«  st^ 

button. 

Frequent  turning  off  ini  on.  of  th£  heatars  of  tho  tubos  Is 
undesirable  b£c:.use  this  tsnds  to  iacr*-s»  the  nueb^r  of  byi^tcr  failures. 
Thus»  tin.  l-e  on  :jvI  off  circuits  et*.  prorided  so  thc.t  the  hecters  nay  bo 
l.«ft  on  continuously  irliile  the  d-c  3.n  bo  turned  off  vdion  th.*  Dr.chlno  is 
not  in  use  or  when  p:xt6  sost  be  rcpl^^r^. 

A  locking  arremg^ent  is  provid;.!  so  thut  p-rsonr.ol  say  padlock 
the  d-c  stiLit  end  st^  buttons  .-.nd  prc7,nt  anyone  from  turning  m  the  d>e 
while  soaeone  is  T.o&hii^  on  thv  oackiss. 

Should  one  of  the  perer  supply  hsat  r  fuSvS  blow,  ons  of  the 
three  power  supply  heatar  fuso  relays  will  operate.  This  will  pick  up 
relay  which  by  opening  tb?  contact  will  turn  off  all  power  to  tfia 
poirer  supply.  (Contactor  3  will  be  deactivated  removing  h<fate»  power. 

Timor  contact  F  will  open  sinea  ccnt€.ct  D|^  has  opened  deenergising  timer 
?•  and  hsnse  the  plate  supply  throu^  contactor  G  will  r.lsc  be  turned  off). 
’'Tith  pc7/er  supply  heaters  deenergized  It  is  or^e  to  replace  s,  heater 
al;Tm  fuse,  although  it  is  recos'^endad  that  additicnal  prec^uticn  be 
taken  by  opening  s^vty  disc*-  nneSt  switch  which  has  been  previd-sd.  If 
th-  s.\fety  disconnect  S'./itch  is  us^d,  it  mus^  be  r.g.'.in  clcsed  before 
att.apting  to  turn  on  the  d^e  p<x;-s.r. 

2.1.4  The  d-e  on  Sequence 

Push  the.  d.e  st.jt  butz.n.  This  eaus.s  rsl«y  L  to  drop  out. 

Tho  d-c  cont  -ctor  C  is  picked  up  by  a  circuit  through  contr.cts  Pj  and  L^. 
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Thtf  Tes^i  of  esquence  is  sxAc^ly  like  ^e  lost  p«rt  of  til>e  sequsAco 
deseriVsd  r.liove  (flee  Section  2*1«2)* 

If  the  power  supply  t>-c  and  d-c  h^s  been  turned  off  fkco  t 
hj-ter  fuse  f?.ilure«  pushing  tne  d»s  st^rt  buttisn  r/ill  turn  it  on  ftinco 
ral*.y  ^  '.rill  be  released  p&ruittiii~  centector  D  tt  pick-up  tbrou^  (l^a 
The  rest  of  the  sequence  is  ux^tly  like  the  Ir.st  pert  of  the  seqaenee 
describefd  Above  (Section  2al.2)a  It  ‘htuld  be  noted  chiit  iidien  relay 
2  trips  off  the  d.c»  an.  extra  one  ninote  (ever  e  rel^y  L  tripping)  will 
elitpSb  b  stween  the  pirshing  cf  the  d-c  st^rt  button  rjid  th»  initicJly 
ole;xed  signal  since  timer  F  is  nov<r  introducing  tube  v/erm-up  deley« 

2.1.5  Ths  Initial  Clear 

ITcrJ*  the  ;snd  of  th&  st-rting  sirqu^nce  (see  Section  2.1.2)  relay 
H  is  -.stiv^t'.d  during  thv  period  thr.t  th.  ten  second  timer  J  is  running. 
Thus,  for  p^ri^d  cf  ten  Snccnds  initic.1  cle«J  re  Icy  ilo.  3  (in  the 
initietl.ig  unit)  is  ..ctlw.tcd  by  circuit  -uhrough  c^nt^ct  E^.  This 
ehc^gts  the  pott.ntiF.1  on  ths  screens  of  certain  g^.tes  in  the  uAStor  pro^ 
gT/Jascr  fren  -t-lSO  volts  to  zi^ro  vults  (this  is  C'.llsd  the  mr^t^r  progruz- 
Dor  clear  .  }J=C),  This  change  in  pot^nti::!  prevents  thb  corresponding 
gotkS  from  conducting  ssid,  thus,  during  this  ten  sec  nd  period  no  pre^am 
pulses  are  trrjisnitted  from  the  nenter  prrgrcmii'.er.  For  a  nnre  complete 
descripticn  of  this  situ.ti<‘n  see  Sectien  10.3.2. 

Another  o'ntf.ct  a  initlr.l  cle-J  rel:y  :«V.  3  opens  f.llu-.ring  a 
125  mf.  C'.'nd^nsar  to  chcxge  up  during  th^  tea  sec^^ad  ia'j^^rvel.  At  the 
e:id  ;f  the  ten  second  interval  reley  Ji  is  picked  up  by  the  Cvntact  Jj. 
Coiitact  opens  dropping  relays  H  tnd  u  |■.ll:n/ln^j  the  ten  sec-nd 
tLner  J  t ;  rtsi  t.  .jb  H  lr:p5  initi-.l  clcur  relay  nuiber  three  drops 
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changing  the  bins  on  bho  scroons  of  bho  gabos  in  blie  nasbor  progrensof 
(1?C}  baok  bo  ^ISO  volts  •  ijiothar  contact  on  this  rolay  olooos  allotTiog 
the  125  of*  eondonser  to  discharge  throng  the  coil  of  initial  clear 
relay  Po.  4*  This  relay  is  activated  for  a  period  of  about  one  second 
and  changes  the  potential  on  the  Initial  clear  lino  frea  -345  volts  to 
.ST'O  volts.  T/^is  produces  the  initial  clear  gate  (ICG),  This  Initial 
cl^ar  line  goes  around  to  the  various  units  by  'oay  of  tlia  d-o  ulrinc 
channel. 

The  initial  clear  eircuita  vork  aati»atically  at  the  end  of  a 
stt^rting  sequence  or  with  a  d-c  m  Sciqi!<>nce.  The  initial  clear  sequence 
also  t.d:es  place  vihon  the  initial  ele-r  push  button  is  operated  (oo  ' 
front  panel  of  the  initiating  unit,  sae  FLSL30^. 

There  follows  a  list  of  things  iifaich  tJco  place  in  the  various 
units  during  th»  process  of  Initially  elwijrlng. 

(1)  Initiating  Unit  (stos  ?te9-307). 

The  initial  ele-r  gate  (ICC)  thres  gates  which  pass  central 
progrea  pulses  (QT)  which  r^ss't  the  reader  ::u>d  printer  start  fli^flops 
(65,  65.  .J»d  68  ,  69  on  ?^US-104)  ^nd  the  rewd':.r  interloeU,  reader  finish, 
und  the  ts.Ast  synchronizing  flip-flops  (67,  68  and  70,  71  on  PjI-9-103 
and  63  ,  64  on  PX.9.106).  (S-e  sections  0.2  and  9.1.2.) 

(2)  Cycling  Unit  (PX-9.307). 

The  initial  cIsjj  gate  is  not  used  in  the  cycling  unit. 

(3)  Accumulator  (PX.5-304). 

Th*  ICG  ^tes  central  pro^Ui  pulses  ..iilch  cause  th*  decodes 
=.nd  tlte  PU  counter  to  cle^  h^ck  to  tb*rir  first  stages  (or  possibly  sous 
desf^e  m..y  ele^  to  five  for  round-off  purposes)  and  the  rep»-.tar  ring 
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(ofisoci&^cd  lihft  ^FEAse^ ivcrs)  'to  clear  back  to  sta^c  ono*  (So# 

Sactioar  4.2*3  end  4.1,2.) 

(4}  Bl^h  Speed  Multiplier  (PZ>;i.30B). 

Brt€  the  ICG  ^ates  Central  progrea  pulses  v/hieh  step  the  progn* 
ring  to  stage  one  (s^c  Section  S.3)  end  which  reset  the  1  uid  r  receivers 
('I’hich  control  the  product  a.>euDulfetors  in  the  process  of  receiviag  the 
partial  products). 

(5)  Givider  ^uid  Square  Rooter  (F^IO.304). 

The  ICG  gates  central  progrec  pulses  producing  Cl  end  Cl*  pulses 
which  perform  the  clearing  actions  as  described  in  Section  6.2.9»  ^xtuallp 
these  pulses  clear  the  program,  ring,  the  quotient  place  ring,  and  tho 
numerator  binary  ring,  and  roset  niucrous  flip-flopS« 

(6)  Function  Tablo  (^Z-7-3p4). 

Tho  ICG  gates  central  program  pulses  v/hich  cl»ar  tho  argumoit 
rings,  the  pro^a^a  ring  and  resets  certain  flip-flops  (see  Section  7.4.4)» 

(7)  Constant  Transmitter  (?Lll-i307). 

The  ICG  is  used  only  in  the  reader  control  circuits  triiieli  ers 
located  in  the  initiating  unit,  see  (1)  above. 

(8)  Printer  (F^l2-307). 

The  ICG  is  used  only  in  the  I3i-  punch  control  eireults  -^ich 
art  located  in  the  initiating  unit,  sea  (1)  ^ove.  — 

(9)  Ka£t«r  Programmer  {FX-fl-304) 

The  ICO  ^ates  central  proven  pulses  '.Thioh  clear  the  d*eade 
rings  and  th«  stepper  rings  (see  :jeetions  10.2.1  and  10.3.1). 

If  any  progra:-  pulses  get  -tarted  in  the  trays  and  jumpers 
which  extend  around  the  i^aehinii;  (th^y  might  gat  st»irtGd  v/hsn  the  d-c 


XI- 11. 


potrer  cooes  since  eertcln  flip-flops  n^y  ecoe  on  in  thi  aot  or  abnormal 
position}  they  will  run  out  zxty  ceq^uence  vdiich  sn.  oparsAor  has  plugged 
in*  HowteTwr,  if  any  of  these  sequMces  pass  through  the  master  program* 
mer  the  pulses  will  not  pass  here  during  the  initial  clear  period 
(because  ths  master  progreruiier  clear  (MFC)  blocks  the  program  output 

4r 

rates,  see  Section  10.3.2.  The  period  during  which  the  initial  clear 
ic  on  is  onple  ( including  a  safety  factor)  for  any  oanually  plugged 
sequences  to  run  out  (assuoing  thr.t  no  one  has  plugged  in  any  eonplato 
cycles  of  pro^sus  rdvich  do  not  pass  througjh  the  master  prograimier). 

Then*  a  .'ter  the.  initi?.l  clecr  saqu-^nse  is  conpluted  Cand  the  reedy  pilot 
goes  on)  the  oachlne  is  re^dy  to  start  <j)y  sequonce  of  eoeputetions 
rhlch  nay  be  prograned* 

2.2  inZTnTIllG  PULSE  7R0CIU:.  SC'TTRCL 

The  initiating  pulse  plug-in  unit  is  activated  by  a  push 
button  and  produces  a  progrus  pulse  which  is  synchronised  with  the  EKIdC. 
This  pulse  appeftTS  at  c.  teriain^J.  1^  on  tlia  front  panel  .(F3U9-302)  ejid 
e  .n  be  jorried  around  the  progre-:.  trunk  syst^:i  to  eny  unit  of  the  ENlitC. 

This  unit  is  pictured  in  the  upper  right  h.nnd  corner  of  PX-9-307. 
Closing  the  initiating  pulse  push  button  causes  the  spcel(*l  pulse 
sti^nderdiser  (tubes  61  md  62)  to  set  the  flip-flop  (64  and  65)a  This 
opens  thi  gate  66  -.7hlch  passes  a  central  pro^a:  pulse  (caning  free  the 
cycling  trunk)  setting  flip-flop  67  and  68.  This  flip-flop  opens  gate 
69  passing  s.  CFP  Tphlch  resrts  both  flip-flops  end  goes  through  the 
trfjisi^itter  to  the  output  terninal  1^  (see  PX-9-302)  on  the  front  p*nel* 
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The  tMO  op»r&tia£  ks  d«scrlbod  Abov»  tlwys  prorid* 

a.  standard  output  pro^sf  ?uls«.  Outs  66  ncty  opw.  la  such  a  my  that 
only  part  of  a  CFP  Is  pns.od.  IT  it  fails  to  operate  fliy.flop  67  and  68 
ao  bam  is  doas  slae«  flipi-flop  6A  sat  ts  not  roast  snd  tha  aaxt  CPP 
is  pused  full  strength  by  ^.te  66.  Then  the  flip^lop  67  and  68  has 
one  full  addition  tine  ia  nhieh  tc  set  up  so  69  is  open  end  pusses 
ii  standard  pro^c^  pulse.  This  puls«r  then  resets  the  flip>flopB  and  is 
trensuitted. 

There  is  no  cross  sectica  diu^ea  of  this  circuit.  Clerkly* 
since  ther;  is  no  purellelisc  circuits  ia  this  unit,  s  oross  section 
cast  be  ss  detailed  as  the  setufJ  firing  dicgrns  of  the  eireuit.  The 
nunber  Fe-9.105  in  th^  Ccmer  of  the  driving  of  the  plug-ia  unit  refers 
to  the  virliig  diagyec. 

2.3  OTRSlt  F&i^tSSS- 

2.3.1  Selsstiv*  Claw  Controls 

Xhere  &re  six  trsnsceiTers  located  in  the  initiating  unit  with 
projre:!  input  ewd  output  teminnls  on  the  fl’>>at  prjiel.  Th*  output  of  the 
cathode  foll’XMTs  uf  thr  respective  trcnsceiTers  is  soniiected  to  &  line 
of  the  oyoling  trunk  end  pr^Ti^es  the  selestiv.  clear  gate  (SC8).  This 
gstb  Is  used  to  oldk^  «.ny  cf  the  twenty  AbsuLUil^tors  dej^nding  upon  ths 
settings  of  their  selectiva  oiesT  sritshas  (s*e  Section  4.2a3)« 

Thus  •  ^ihehevar  e  pro^^'^  pulse  antars  ciw  of  the  tcn^innls 
the  selective  ele;j  gate  is  provided  for  i.  peri-Jd  of  -nc  addition  tine 
r.nd  i  progr»<“  pulse  is  tr^ js /.itted  cut  ^  tha  tarr-ln^l  ftt  the  end  of 

tiie  rddltl.;a  tine.  These  tr  xsceivrrs  sre  resat  by  a.  CPP  :J^--r  one  rddU 
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tioa  tiDtta  A  cor*  dct&iled  Uosk  dik-^dc  r*pr8Sciitf;tion  of  &  iToascoloiir 
tppstrs  OB  PX-5~304» 

2«3.2  Header  aiid  Mntor  Rrorrca  Pontroln 

Control  circuits  for  the  IBife  reader  and  the  IBi  avo 

located  OB  plug^ia  unite  (see  the  four  plu^^iB  units  beloo  the  lnitletla£ 
pulse  plug-in  unit  on  PZi.SL307)  located  in  the  IsltiatiqB  nui*. 

These  elreuits  sn  described  in  detail  in  the  dlscocsion  of  the 
c-jnstant  transr^ltter  (Chapt^  Till)  and  of  the  printer  (ChE.pt<-r  IZ}* 

1.4  TEitTIIia  FS^iTCRSS 

On  the  fi'ont  psn*!  of  the  initiating  unit  tbsre  appears  e  hue 
eseilloscope.  an  a-e  voltiiet^r.  and  a  d-c  Toltnstsr.  These  tr*  used  to 
chsch  the  scount  of  hua  on  th^  a*-c  pa..'6r  lines  supplying  the  STImC.  the 
ToltegkS  c-B  th'  tfare->  phase  lines  supply  the  a-c  posror.  end  tlio  d^ 
raltogfeS  put  out  by  the  power  supply.  Two  switches  enable  the  operator 
te  ehsrck  ewery  d-c  volte.^  used  in  tl^e  r...ehinee  A  V.bl»  jf  proper 
Taluks  and  toleruices  appears  an  this  p»;ael. 

Psr  A  c  nipl^tc  discussian  of  testing  procedures,  et  catcra,  the 
ruEjder  is  referred  to  th.  i^^isteoance  n&nu&l  (v'-rt  111  of  this  report). 
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ni.  cRLDconr 

The  cycling  unlh  produces  the  pulses  which  sre  to  represeait 
digits  end  to  control  the  operation  of  units  of  the  EHIAC.  the  esny^ 

clear  gate  (OCG)  Is  |»^dueed  in  the  ^clii«  unit;  The  pulses  produced  in  the 
cycling  unit  cmtrol  the  tiaing  of  the  operations  and  enables  the  wurlons  vitn 
to  operate  In  djnehronlan. 

The  following  table  gives  a  list  of  the  pulses  or  gates  produced  in 
the  cycling  unit*  Also  a|q)earlng  In  the  table  is  the  principle  purpose  of  each 
pulse  or  gate. 


Pulse  or  gate 

Abbreviatiai 

Purpose 

jCentral  Program 
pulse 

CPP 

A  program  pulse  used  to  control  the 
activity  of  the  various  units  of  the 

D^C. 

(Tens  pulses 
jCoff  beat) 

1 

lOP 

Qsed  to  cycle  the  decades  of  the  aecuou^ 
lator  during  the  process  of  transmission 
of  the  nusiber  (or  its  eoaplemcnt)  regis¬ 
tered  in  the  accanulator. 

jQne  pulse 

1 

jTwo  pulaea 

1 

ITwo-prlaed  pulses 

Tour  Dulses 

IP  1 

2P 

1 

2»p  r 

AP  J 

A  coded  system  in  the  miltiplierf  fUnetioi 
tables,  and  the  constenb  trananitter  makei 
use  of  combinations  of  these  pulses  to 
represent  the  digits  aero  to  nine* 

‘Nine  Pulses 

9P 

Sane  of  these  pulses  are  used  to  rq>- 
resent  the  dibits  xero  to  nine* 

One-pziaed  pulse 

I'P 

IReset  pulse 

BP 

This  pulse  is  used  to  reset  mp-rxops  in 
the  accumulator  decade  units  and  to  pro¬ 
vide  a  carry-over  pulse  In  the  process 
of  addition. 

Cany-clear  gate 

OCG 

This  gate  controls  the  carry  over  process 
when  adding  in  an  accumulator  and  produces 
the  clcarinc  action  when  so  desired. 

Th6  puXscs  &nd  ^@>^68  listicd  in  ^ftbLc  sbov6  Sdrc  produced  1a 
cycling  unit  once  each  addition  tioe*  FI-9«3Q6  shons  the  taqxvil  order 
these  pulses  and  gates.  These  pulses  end  gates  along  i«ith  the  selective  clear 
gste.  frtiB  the  initisting  unit  (see  2.3.I.}  ere  distributed  around  to  each  unit 
of  the  SEIiC  ^  the  cycling  tnndc* 

An  addition  time  is  nonually  200  micro-seconds  long.  Each 
time  is  divided  into  twenty  parts  called  pulse  tinesj  each  ten  miero^ecoods 
long.  aU  of  the  ptilscs  except  the  lOP  are  produced  at  the  beginning  of  a  pulse 
time  and  all  have  a  duration  of  about  two  micro-seconds.  The  tens  pulses  (lOP) 
pass  through  a  2.5  micro-second  delay  line  and  thus  arrive  at  the  boginniAg  of 
the  second  quarter  of  a  pulse  tine.  The  tens  pulses,  lOP,  are  used  to  cycle 
decades  in  the  accwnlators  (see  4.J.)  during  the  process  of  transiitting  the 
contents  of  the  accuaulf'tor.  These  eff-beat  pulses  arc  produced  2.5  micn^ 
seconds  late  for  timing  reasons  which  will  be  explained  in  the  chapter  on  the 
accuaulator  (see  A.3.I.). 

3.0.  EmtODUenON 

The  block  di?gr3m  of  the  cycling  unit  along  with  that  of  the 
initiating  unit  appears  on  PX-9-307*  In  the  tq)per  left  comer  is  the  oscillator 
plug-in  unit.  To  the  zdght  of  this  arc  the  relays  which  detensine  the  laode  of 
operation;  continuous,  one  addition  tine,  or  one  pulse  time.  Below  the  oscillator 
plug-in  unit  are  two  more  plug-in  units  containing  pulse  standardiaers  and  delsy 
lines,  bear  the  middle  is  the  twenty  stage  ring  which  counts  out  the  pulse  times 
rf  an  addition  time.  Bo^ow  the  ring  arc  pulse  g.tes,  then  the  aE^slifiors*  end 
finally  the  tr:->nsnitter  plug— in  units.  The  outputs  of  the  trinsisitter  plug-in 
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units  go  to  ths  ojcll^g  unit  trunk  uhleh  csrrlss  ths  Ysrlous  p—i—  tyf 
sround  to  each  unit  of  the  BIIAC. 

3.1.  THE  OSCTTJJLTOR  AND  BILSis  fgBBtti 

The  CTTstal  oseillstor  alNays  oscillates  at  a  fk'equenej  of  100  kili^ 
cycles.  Nhether  or  not  the  output  of  the  oscillator  is  used  dep*"di»  upon  the 
setting  of  the  external  oscillator  snitch  and  the  continuous  and  one  additicB 
time  relays.  The  socket  and  the  external  oscillator  switch  siakes  it  possihle 
to  operate  the  ENIAC  idth  an  external  o8eillator«  and,  more  inportaatf  to 
operate  the  ENIAC  at  different  frequencies  for  purposes  of  eheddng  (for  exaople* 
to  check  safety  faeti^a)* 

Note:  U  the  EKIAC  is  operated  at  a  frequency  exceeding  100  kilo¬ 
cycles  the  factors  ^  lost  and  reliable  operation  cannot  be  expected. 

The  continuous  and  one  addition  time  relays  cause  the  oacillater 
(extemel  or  internal)  to  be  cwinected  through  the  pilse  atandardiser  K-L  26 
to  the  gates  127  and  X2B  for  continuous  and  one  addition  tine  but  not  for 
one  pulse  operation^  Of  the  three  nodes  of  operation  the  first  (continuous) 
is  the  nonaal  node  and  the  foUoeing  description  will  be  in  terns  of  this  node. 
The  ::ther  two  nodes  (one  addition  Mjw  and  one  pulse  tine)  are  for  purpoeea  of 
cheeking  and  will  be  described  in  aeetlan  3.3a 

When  the  continuous  relay  is  actiwatad  the  cathode  circuit  of  tube  70 
is  opened,  thus  turning  tube  (70)  off  and.  therefore*  opening  gate  L2S.  That 
is,  since  tube  70  is  not  conducting  the  plate  potential  is  relatiwely  hi|^ 
and,  therefore,  one  of  the  control  grids  of  the  gate  128  is  suffieiMtly  high 


that  anj  poaitlve  si^ial  on  the  other  grid  will  emse  It  to  eomlaet*  Renee^ 
the  output  of  the  oacillator  goee  through  the  oontaete  on  the  eontlnuoua 
relay  to  the  pulse  standardiser  K-L  26  and  through  the  gate  L  28  to  the 

The  pulse  foxinii^  clreuit^  eooposed  of  a  ^ceial  pulse  standardiser 
(tubes  6Bp  and  69>  see  section  1»2»7*)  and  tube  70«  serves  no  other  purpose 
than  that  described  above  in  continuous  operation.  Its  role  in  one  addition 
tine  and  one  pulse  tine  operation  will  be  described  in  3«3« 

3.I.3.  The  on-beat  nlug-in  unit 

Tubes  61j  62,  63  of  the  on-bcat  unit  constitute  a  pulse  standardiser. 
This  circuit  differs  fron  the  usual  pulse  standardiser  in  that  It  has  a  rnia 
micro-second  delay  line  on  the  plate  si4)ply  of  tube  62.  By  reflection  this 
delay  line  helps  to  produce  a  square  pulse  with  a  length  of  two  nierc^econds. 

The  output  of  tube  63  goes  to  tubes  68  and  6?  and  thence  to  a  socket 
located  underneath  the  front  panel.  Thtis,  pulses  (which  are  in  phase  with  the 
nine  pulses  9P)  arrive  at  this  terminal  in  the  following  ways; 

a)  for  eonti^iueus  operation  one  pulse  each  pulse  tlae, 

b)  for  one  addition  tine  iteration  twenty  pulses  (one  eech  pulse 
time)  each  time  the  push  buttem  is  operated,  and 

e)  for  one  pulse  time  operatim  one  pulse  each  time  the  push  buttom 
is  operated. 

The  output  of  tube  63  also  goes  to  tubes  6$,  64,  and  66  and  on  to  the 
pulse  gates  controlled  by  the  ring.  These  pulses  are  gated  by  the  ring  to  pr^ 
duee  all  pulsee  sent  out  by  the  cycling  unit  except  the  tens  pulses  (lOP). 

a 

The  third  output  of  tube  63  goes  to  the  off-beat  pulse  fomcr  plug-in 
unit  ar^  enters  a  t.5  mici^sceond  delay  line. 
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3.1. A*  Ihe  off-beet  plug-in  unit 

Froa  a  center  tap  on  the  2.5  second  delay  line  pulses  go  tlirou^  a 
pulse  stsndardizer  (tubes  679  689  699  and  ?0)  and  thenco  to  stq>  the  riqg* 

This  pulse  standardlzer  is  sixdlar  to  the  usual  pulse  standcrdizer  (used  in 
aecuQulators}  except  that  it  has  teo  driving  tubes  (67  and  68)  operating  in 
parallel. 

The  end  output  of  the  delay  line  goes  through  another  pulse  standard- 
izer  to  the  tens  pulses  g«te  130.  This  pulse  standardizer  also  has  a  one  Dieroin 
second  delfiy  line  to  obtain  square  pulses  of  2  oicro-second  length. 

The  pulses  ehich  step  the  ring  arrive  1.2$  micro-seconds  after  those 
that  go  to  the  pulae  gates  nhich  are  opened  and  closed  by  the  stages  of  the 
ring.  This  means  that  the  ring  bis  6mT^  micro-seconds  in  which  to  step  tm 
one  stage  to  the  next9  and  for  reliable  operation  the  ring  is  designed  to  st^ 
to  the  next  position  in  appreciably  less  tine  than  this. 

3.2.  THE  RING  AND  ITS  ASSOCIATED  a^TES  hSD  FLIP-FLOPS 
3.2.1.  The  tens  pulses  (lOP) 

When  the  ring  is  on  stage  0  gate  K27  is  open.  Thus  the  first  pulse 
of  the  addition  tine  passes  K27  ?*-nd  sots  the  flip-flop  129.  This  flip-flop 
mast  open  gate  L3O  inside  of  2,5  micro— seconds  in  order  to  pass  the  first  of 
the  tens  pulsts  arriving  from  tube  6l  in  the  off-beat  pulse  fomcr.  ThuS9  this 
is  not  a  standard  flip-flop;  that  is,  the  triggering  tubes  arc  onitted  in  order 
to  improve  the  constant.  Also^  the  output  tine  constant  Is  less  than  for 
a  str.ndard  flip-flop. 

The  output  of  gate  K27  also  goes  to  trigger  the  scope  which  is 


loe&ti€<l  on  ^he  cycling  uni^a  Aiis  gives  one  addition  ^ine  weep^  on  ^lis  scopo*^ 
Tho  fIi{>«flop  129  remains  set  niftiX  the  rtng  reaches  stage  ten* 

At  that  time  the  output  of  gate  A30  resets  the  flip-flap.  Note  that  in  oi^ar 
to  not  pass  core  than  ten  pulses  the  flip-flap  nust  reset  in  less  than  2.5 
oiero-seeends. 


\ 


I 

i 
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I 


i 


1 

i 


i 
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The  output  of  goes  to  a  tea  stage  anyltria*  (1^1  to  LU^)  and 
thenec  to  two  transmitter  plug-in  units.  A  transmitter  consists  of  t*^  stages 
with  five  tubes  operating  in  parallel  in  each  stage. 

3.2.2.  The  ^  ^  2* .  4  and  2  pulses. 

The  one  p«i>iee  ^IP^ 

When  the  ring  is  at  stage  one  gate  K30  Is  opened  to  pass  a  one 
pulse.  The  pulse  goes  through  an  anpUfier  system  (KAl*  K42,  KA3f  Kli4*  1U|6« 
and  K47)  to  a  transmitter  plug-in  unit. 

The  tofo  pulses  (2P). 

Stages  two  and  three  of  the  ring  open  gates  JJO  and  H30  to  pass 
pulses  to  form  the  two  pulses,  nfter  being  preaoplified  by  JAl,  J42*  IU|1«  and 
KA2  they  are  c'w^ined  and  further  asqjllfied  b7  JA4f  and  JU7»  and  then 
fed  to  a  transmitter  plug-in  unit. 

The  two-tadned  pulses  (2*P) 

Stages  four  and  five  open  gates  030  and  F30  idiich  pass  pulses  to 
make  up  the  two-priood  pulses,  as  with  the  two  pulses  these  arc  aopUfied  and 
taken  to  a  transmitter  plug-in  unit. 

The  four  pulses  (API. 


Stages  siXf  seven*  eight*  axid  nine  open  gates  £30*  D30*  C30*  and 


B30  to  pass  pulses  which  make  up  the  four  pulses.  These  are  cii|}lified  and  taken 
to  a  transmitter  plug-in  unit. 


t 
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I 
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I 
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The  one,  two,  two-priatedf  and  four  pulses  are  taken  to  tauffen 
It45j  ®»5»  *<»5  end  then  cochined  to  nnke  up  the  nine  pulses.  Tbn 

they  pass  through  a  two  stage  (six  tubes  in  parallfl^  ^ 

to  F2t  and  2$)  and  then  to  four  trsnaaitter 
3.2.3.  Ihe  one-nrlned  pulse  (I'rt. 


Stage  ten  opens  two  gstes  -JijO  and  a27.  Cate  :.k30  passes  s  p»ii» 
which  resets  the  tens  pulse  flip-flop.  Qatc  A27  passes  the  one-prisKd  pulse 
through  arpliflers  «26,  B26,  i23  to  £23  atd  F23  to  K23  and  then  to  tiree  trwns- 


oitter  plug-in  units. 

3.2.t.  The  carry  clear  gate  (CCG3 

Stage  eleven  of  the  ring  opens  gate  B27.  This  gate  passes  a  pulse 
which  sets  the  flip-flop  £27.  The  negative  output  of  the  flip-flop  goes 
thrsugh  anpUflcr  tubes  D26  and  D27  to  a  trensnitter  plug-ln  unit,  liien 
flip-fl<9  is  set  this  output  takes  a  positive  swing  and  the  trenaoitter  gives 
a  positive  gate  on  its  output.  Note  th^t  this  anplifier  ^wtec  is  direct 
coupled  all  the  way  through,  ccrr^clcnr  fUi^flop  is  reset  idion  the  fli«  r 
reaches  stage  eighteen.  The  length  of  this  carry-clear  gate  (70  niero-seeonls) 
is  about  1  3/4  tines  that  needed  fer  carry  over  in  a  twenty  decade  aeoiBulstor. 
that  isj  when  the  carry  over  takes  place  there  nay  be  a  string  of  cany  overs 


froB  the  first  decade  down  to  the  twentieth.  This  gives  a  seven  to  four  safety 
factor  which  is  sonewhat  less  than  the  two  to  one  which  Is  attained  in  nest  parts 
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l*he  nine  pulses 

The  ono^  t>eo-priffiodf  and  four  pulses  are  taken  to  buffers 

I 

X45»  J45*  G45#  and  £145  and  then  ccnblned  to  mke  im  the  nine  pulses.  Thai 

i 

they  pass  through  a  two  stage  (six  tubes  in  parG,llel)  ag^llTicr  (ji  24  and  25 

i 

to  F24  and  25)  and  then  to  four  trsnaaitter  plug-in  units. 

3.2.3.  The  one-prlned  pulse  (1»P). 


^  Stage  ten  opens  two  gates  -A^O  and  i.27»  Gate  .^30  passes  a  pulse 

which  resets  the  tens  pulse  flip-flop.  Cate  a27  passes  the  cne-prined  pulse 
through  anplifiers  ..26,  B26,  A23  to  E23  azd  F23  to  K23  and  then  to  three  trans- 

4 

nltter  plug-in  units. 

I 

-  3.2.4.  The  carry  clear  gate  (COG) 

I  Stage  eleven  of  the  ring  opens  gate  B27.  This  gate  passes  a  pulso 

^  which  sets  the  flip-flop  £12?.  The  negative  output  of  the  flip-flop  goes 
;  through  anplificr  tubes  D26  and  D27  to  a  transmitter  plug-in  unit.  When  this 

I 


I  flip-flop  is  set  this  output  takes  a  positive  swing  and  the  transoitter  gives 
i  a  positive  gate  on  its  output.  Note  that  this  amplifier  ^rstec  is  direct 

coupled  all  the  way  through.  The  carry-clear  flij^flop  is  reset  when  the  ring  r 
reaches  stage  eighteen.  The  length  of  this  earry-elcar  gate  (TO  niero-seecnds) 
is  about  1  3/4  tijacs  that  needed  for  carry  av'sr  in  a  twenty  decade  accuoulntor. 


that  is,  when  the  carry  jver  takes  place  there  nay  be  a  string  of  carry  ovi^s 
from  the  first  decade  down  to  the  twentieth.  This  gives  a  sev^n  to  four  safety 
factor  which  is  sonewhat  less  than  the  two  to  one  which  is  attained  in  most  parts 


of  the  BCLAC 
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3.2.5.  The  reset  £^£e  (RP3 

St3^8  14f  15«  end  16  of  the  ring  do  not  operate  l^ten» 

Stage  13  opens  gate  C27  and  passes  a  reset  pulse.  Stage  19  opens  gats  J27 
ehieh  also  passes  a  reset  pulse.  Thus^  in  each  addl^on  there  are  tso 
reset  pulses^  one  «i)en  the  ring  is  at  stags  13  aid  another  when  it  is  A 
stage  19*  The  output  of  the  gates  C27  and  J27  goes  to  an  aiq)lifler  Byatm 
B26,  G269  6  to  J  26  and  25.  The  output  of  this  snplifie^  goes  to  three  trsnt- 
nitter  plug-^  units. 

3.2.6.  The  central  program  pulse  (CPP) 

Stage  17  opens  gate  G27  shleh  passes  the  central  progran  pulse. 

Since  this  pulse  is  used  oore  places  by  far  than  any  other  pulse  in  the  ENlsC 
it  goes  through  the  largest  anqilifier  s^rstea.  This  pulse  goes  throu^  tubas 
F27,  F26  and  £26^  then  to  a  two  stage  (ten  tubes  in  parallel)  aoplifier 
(<k22  to  K22  and  621  to  K21).  The  output  now  goes  to  nine  tranaaitter  plug-in 
units  which  constitutes  a  two  stage  aoplifier  with  forty-flTe  tubes  in  parallel 
in  eadi  stage. 

3.3.  ONE  PULSE  AllD  ONE  ADDITIOM  TDIE  QPEIUTIOR 

These  two  modes  of  operation  are  provided  for  purposes  of  cheeking 
the  operation  of  the  B3I1AC  and  to  cheek  the  set-up  of  the  problem.  If  the 
answer  to  a  check  problon  is  not  correct  then  it  becomes  a  matter  of  isolating 
the  fault.  This  generally  can  be  done  Iqr  operation  in  the  one  addition  tine 
9'jde.  Then,  (^ration  in  the  one  pulse  time  mode  will  generally  Ihrther  htip 
to  diagnose  the  fault.  For  further  discussion  on  these  points  see  part  X  of 
this  report. 
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3«3«1*  One  addition  tine  operation 

In  this  case  the  transfer  contact  sn  the  continuous  relaj  holds 
the  cathode  of  tube  70  (tn  the  oscillator  unit)  at  -^0  volts.  Th<*  tube 
is  nonaally  on  and  will  go  off  onljr  upon  receiving  a  negative  si^ial  f^oa 
tube  69  idiich  gets  its  stinulus  firoo  the  push  button. 

The  length  of  this  pulse  sent  to  gate  L28  Bust  be  long  to 

be  sure  to  let  a  pulse  froa  the  oscillator  thr.a^  (at  least  ten  Dicroseconds)* 
This  first  pulse  which  passes  gate  128.  steps  the  ling  f^sa  stage  sero  to  stage 
one*  Since  >206  of  the  control  grids  of  gate  L27  is  connected  to  the  negative 
static  output  of  stage  sero^  gate  12?  is  opened  as  long  as  the  ring  is  not  at 
stage  zero.  Thus,  the  pulses  trra.  the  oscillator  (via  K-L  26)  contixaic  to 
step  the  ring  until  it  reaches  stage  zero  again.  Hence,  each  tioe  the  one 
pulse  or  one  addition  tine  switch  is  pushed  the  ring  cjeles  through  all  teentj  / 
stages  and  the  cycling  unit  gives  out  the  various  ceiabinations  of  pulses  which 
represent  one  addition  tiiac.  Note  th^t  the  pulse  s^it  to  gate  L28  by  70  oust 
not  last  as  lauch  as  one  addition  tiiae  or  else  operating  the  one  addition  tine 
push  button  nay  causo  the  ring  to  cycle  twice. 

3. 3*2.  One  pulse  tine  operation. 

In  this  ease  neither  the  esntinuous  relay  n.^r  the  one  aaditlon  tioe 
relay  are  activated.  This  ccans  that  the  oscillator  output  is  not  connected  at 
all.  The  output  of  the  first  triode  of  70  goes  both  to  the  scezvid  triede  and 
to  g:.te  128.  The  output  of  the  second  triode  goes  through  contacts  on  the  one 
addition  t-ln^  relay  and  the  continuous  relay  to  the  pulse  standardlzer  K~126 
and  through  the  gate  128.  Thus,  each  tine  the  push  button  is  operated  one 
pulse  is  fed  into  the  ^  beat  plug-in  unit. 


The  wide  pulse  frao  tube  70  which  is  applied  to  gate  128  is  delved 
(heesBse  oT  tlie  tine  constants  of  the  path  through  the  relay  and  the  pulse 
standardizer)  and  differentiated  (narrowed)  by  the  pulse  standardiser  cireuitk 
This  assures  its  beix^  gated  at  128  by  the  wide  pulse  fraa  tube  70  on  the  other 
control  grid* 
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ZV.  AOCDIOnATOR, 

te  aeoauUUr  1.  .  unit  «f  the  SBUC  irtileh  i.  eipibl.  of  iMrfon- 
if^  the  foUpwing  eperationftt 

.  1)  Storing  a  ten  digit  na|)er  along  eith  the  proper  indicatin  of 
ita  aiffi, 

Z)  Reeetving  nudiere  (poaitive  or  negative)  frea  other  of 
the  ENIAC  and  adding  then  to  nunbera  already  otwed,  properly 
indicating  the  aign  (f  the  am, 

3)  Rounding  off  ita  eontenta  to  a  previoody  detenained  auaber 
of  placer. 

4)  Tranamitting  the  manber  held«  Or  ita  complement  alth  respect 
to  lO^^j  without  losing  its  contents  (this  makes  it  possihla 
to  add  and/or  sulitra4Et  from  the  contents  of  one  accumulater 
those  of  another). 

5)  Clear  its  contents  to  aero  (except  for  a  possible  round  off 
five,  see  4*2.3.). 

6)  Infonnation  stored  in  certain  accumulators  may  be  trananitted 
statically  to  certain  ether  units  (see  Section  I.I.4.) 

The  registering  of  ten  digit  numbers  is  accomplished  by  the  use  of 
decade  ring  counters  (See  1.2.2.)  and  a  Hi  (plusHninus)  counter.  The  cireoits 
which  carry  the  various  groups  of  pulses  representing  numbers  and  siffie  (iiw 
eluding  the  decade  plug-in  units  and  the  Df-Clear  plug-in  unit  except  for  the 
clear  tubes)  will  be  called  the  m»^rteal  circuits.  The  aecumulator  contains 
common  programminfr  circuits  which  in  each  operation  of  the  accimnilatar 
determine  which  of  the  above  listed  operatims  the  unit  performs.  The  acew 
lator  contains  a  number  of  program  control  circuits  (eight  repeat  program 
control  circuits  and  four  noi>»repeat  program  control  circuits)  which  can  be 
used  at  various  times  to  cause  the  coanon  programming  circuits  to  make  tbs 
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aceuDulator  perfoia  one  of  the  above  operations. 

Thus,  usually  cadt  progran  control  circuit  be  used  at  noat 
once  In  each  sequence  of  conputations  vhereas  portions  of  the  prograa- 

ning  circuits  are  used  each  time  the  accunulator  perfoms  an  operation*  So 
too  profepan  controls  are  used  sicniltaneously.  Actually  by  use  of  tiM 

master  programner  it  is  possible  to  use  one  progreA  control  circuit  several 
tines  in  a  given  sequent  of  ea^ratatioar*  The  operation  perfonied  by  tbe 
nuaerical  circuits  (controlled  by  the  cosiiiuu  prograonlng  circuits)  is  deter— 
nined  by  the  vaxd.ous  switch  settings  of  the  particular  progran  control  used* 

ilhen  activated  by  an  incoaing  progran  pulse  (arriving  via  Ji^ier 
connections  fron  program  trays  to  the  accumulator  front  panel)  the  lO'ogran 
control  circuit  fnxivides  certain  gates  to  the  concion  progranning  circuits 
vhich  in  turn  8tq)ply  certain  g^ites  or  pulses  to  the  nunerieal  ^renits 
and  thus  cause  the  accumulator  to  perfora  a  certain  operation*  At  tbe 
end  of  the  operation  (which  Ji»y  last  as  nany  as  nine  addition  times  if  a 
repeat  progran  control  circuit  is  used)  the  program  control  dreuit  gives 
out  a  program  pulse  which  may  be  taken  to  other  units  of  the  EHIAC  causing 
them  to  perfora  the  next  st^  in  the  sequence  of  eoiaputatians. 

4.0.  IfITRQDUCnai. 

This  description  of  an  accumulator  will  be  given  in  terms  of  the 
block  diagram  n<-5-3Q4  and  the  cross-section  diagram  PX-5*115»  In  the  upper 
center  and  iqiper  right  of  the  block  diagram  there  arc  eleven  rectan^es  rep¬ 
resenting  the  ten  decade  plug— in  units  and  the  Ht-clear  unit  (on  the  left). 
Just  to  the  left  of  the  Flf-clcar  unit  are  seen  the  five  decks  of  the  slgnifi- 
ennt  figure  switch.  In  the  lower  left  hand  ewner  are  seen  one  receiver 
plug— in  unit  and  two  trinscelver  plug— in  units.  As  indicated  on  the  drawing 
there  is  one  other  receiver  plug— in  unit  and  six  other  transc«-ivers  aiaking  a 
total  of  four  receivers  located  on  two  plug-in  units  and  eight  transceivers 
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each  located  on  a  separate  pbig-ln  unit.  Just  above  the  code  blo^  and 
belos  the  decade  units  are  the  8^  and  a  ii^nit  gates  ot  wh<f»h  w*ly 

a  and  a  are  shown  in  detail* 

As  Indicated  above  ^  the  circuits  of  an  aecuaulator  are  divided  into 
three  groups  for  purposes  of  ejq)lanation«  First,  there  aw  the  progran  con¬ 
trol  circuits  which  coin|nd.se  the  circuits  of  the  receiver  and  transceiver 
plug-in  units,  their  associated  switching  circuits,  and  the-  npaiattr  plug 
in  unit.  Second,  the  conaon  programing,  circuits  connect  bj  ocans  of  inters 
connection  plugs  (see,  for  exai^le,  the  texuiin&la  nariced  ST  6,  7«  and  8  on 
the  left  edge  of  n-5-3G4)  to  the  program  control  cireuita*  Third  and 
last,  there  are  the  numerical  circuits  which  extend  froa  the  input  plugs 
ST^,  .•«,  SV^  through  the  decades  and  HI  unit  to  the  output  plugs  and 
Sl2  (at  the  top  of  the  blodc  diagram).  The  cooDon  programaing  eireuita 
directly  control  the  numerical  circuits  by  opening  certain  gates  and  in 
some  eases  introducing  certain  pulses  into  the  numerical  circuits.  The 
following  tabic  summarizes  the  gates  and  pulses  produced  by  the  prop*am 
control  circuits  and  by  the  eoauxi  progr zoning  circuits. 


nregr^u  C'jntrol  Idrc-iitB 


Comon  Prograsming  Cir'suita 
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4.1.  TIB  raOGRi^  COKlRpL  CIRCUITS 

hpitl.  General  description  of  a  non-repeat  progran  control 

Suppoae  that  a  progroD  pulse  arrives  over  the  input  teralnsl 
11  (lower  left  comer  of  PX-5-304).  This  positive  pulse  irfU  cause  om 
half  of  66  (tube  66  Is  a  6SN74  ^  double  t4lode  tube)  to  beeooa  conduetingp 
The  drop  in  plate  voltage  will  send  a  negative  pulse  Into  the 
causing  it  to  be  set.  The  indicated  polarltj  of  the  output  will  then  be 
reversed  and  half  of  62  will  go  off  (becocie  non-conducting) •  causing  the 
cathode  follower^  63  to  go  on.  The  output  of  63  cenes  frea  the  cathodef 
therefore,  when  the  tube  beeoues  conducting  the  cathode  potential  rises 
with  respect  to  that  of  the  plrtc  giving  a  positive  gate  voltage  on  the 
output.  This  output  goes  to  deck  3  of  tho  operaticni  switch.  If  the  operation 
switch  is  set  at  a,  3,  y,  6,  or  c  this  positive  gate  voltage  appears  on 

the  intereewmection  tenainals  labeled  5U  1  to  5.  IT  tbe  switch  is  set 
A,  or  S  then  the  gate  appears  on  SU  6,  7,  or  8.  The  fast  output 
(erthude  follower)  is  used  there  since  these  circuits  nust  be  set  up  before 
the  10  pulses  arrive.  The  other  output  of  the  receiver  flip-flop  (which  Is 
positive  after  being  set)  opens  the  gate  6l  (that  is,  allows  a  pulse  on  the 
first  grid  to  cause  the  tube  to  conduct)  and  turns  the  buff  r  62  on.  This 
gives  a  negative  voltage  swing  on  the  output  which  goes  tlirough  the  elesr- 
eorreet  switch  and  deck  2  of  the  operation  switch.  If  tlv^  switch  is  set 
at  0  to  e,  this  signal  appears  on  temiinal  SU  10  and  will  e^use  the  cnroction 
to  take  place.  If  set  at  0,  A,  aS,  or  S  the  signal  turns  the  Inverter 
F50  off  and  the  buffer  (the  other  half  of  F5O)  on,  flving  a  negative  gate 
■^t  SU  9  and  will  eanse  the  aecuEiulator  to  ele«.r.  After  the  gate  61  in  the 
receiver  is  opened* the  CPP  (Central  Program  Pulso)  arriving  at  the  end  of 
the  addition  tine  resets  the  f Up-flop.  The  tljfc  constants  are  such  that 

1)  For  a  detailed  discussion  of  f Up-flops,  gate  tubes,  buffers,  and 
inverters  see  Section  1.2, 
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gate  61  doee  not  open  In  tine  to  cause  apj  conflict  ulth  the  CPP  ehiefa 
aetiTatea  the  receiver. 

4,1.2.  General  description  of  a  repeat  program  eontrel  circuit 

tloVf  suppose  a  progran  pnlae  arrives  at  a  transceiver^  say  at  <wpitr 
teiminal  5i.  As  in  the  receiver  this  pulse  sets  the  flip-flop  and 
15  ps,^  gives  the  positive  gate  through  deck  3  of  the  operation  seiteh  te 
the  interconnection  terninals  SU  1  to  5  or  SU  6^  7#  or  6,  The  other  output 
(ehieh  is  now  positive)  of  the  flip-flop  turns  the  buffer  tubes  61  on  and 
opens  the  gate  tube  62,  If  the  clear  switch  is  setting  on  clear^  the  negative 
gate  output  of  tubes  6l  goes  through  two  decks  of  the  operation  switch  and 
appears  at  SU  9  and  at  SU  10,  The  two  tubes  F50  are  in  the  Une  ftcn  the 
receivers  to  raise  the  circuit  to  the  d-c  voltage  level  of  outputs  of  the 
transceivers.  The  cross  section  of  the  receiver  and  transceiver  (see  PZ-5-11S) 
shows  that  the  plato  supply  of  the  buffer  62  in  the  receiver  is  whereas 
the  plate  supply  of  the  buffer  61  in  the  transceiver  is  -235  volts.  The 
negative  gate  from  the  ri^t  hand  buffer  61  in  the  transceiver  will  turn 
the  inverter  J50  off  giving  a  positive  swing  to  one  of  the  grids  of  the  gate 
tube  H50.  The  central  program  pulses  (CPP)  arriving  at  tube  H50  will  now  be 
passed  on  into  the  repeater  rinr.  (The  CPP  th?t  stimulated  the  program  con¬ 
trol  will  net  be  passed).  They  go  through  the  pulse  standardizer  (tubes  61^ 

62,  and  63)  and  step  the  ring.  the  repeat  switch  is  set  at  3  (as  illus¬ 
trated),  then  at  the  third  addition  time  the  ring  will  have  stepped  to 
stage  three  giving  a  positive  gate  through  the  repeat  switch  to  the  gate 
tube  62  in  the  transceiver.  Note,  that  one  repeater  ring  is  used 

1)  This  follows  the  practice  that  circuits  are  designed  to  operate  in  not  more 
thLn  h'^lf  of  the  time  which  would  suffice,  for  vjx^japle,  the  10  pulse  gates 
(F-4,  47,  connected  to  SU  6,  7,  and  8)  must  be  open  inside  of  32  ps, 

(After  CPP  sets  receiver  or  transceiver)  in  order  to  pass  the  first  ten 
pulse.  Actually,  the  time  constant  for  those  circuits  depend  upon  the  set- 
tinj*  of  the  program  switches.  The  maximum  time  const fnt  occ^s  on  a  ciKut 
whon  two  accumulators  are  interconnected  to  form  a  twenty  digit  accumula  or 
and  all  program  switches  are  set  to  activate  that  circuit. 
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all  the  repeat  prcgraa  controls.  This  causes  the  inverter  65  to  go  off 
opening  the  gate  68  and  turning  the  buffers  63  on.  The  output  frcsi  one  of 
the  Tmffers  63  go^^s  through  the  dear  switch  and  the  operation  switch  giving 
a  negative  gr*te  at  9*.  The  output  of  the  other  buffer  63  turns  the  tube 
J$0  off  opening  the  t^O  (this  process  of  opening  gate  K50  takes  about 
100  pc*)  '^he  rr?  ot  th:.  end  of  the  third  addition  time  pass  os  this  gate 
and  turns  the  i;;v».rt«-r  K49  eff  (3t  over-rldeo  the  stepping  pulse  froft  1150) 
clearing  tSie  repute*  back  to  stage  one.  TLa  gate  68  being  opea, 
the  central  progran  pulse  arrives  at  the  end  of  the  third  additioa  time, 
resets  the  'lip>f lap.  end  feeds  through  the  transmitter  (tubes  70.  71. 

7£i  giving  a  progr'tn  output  pulse  which  can  be  used  to  operate  sosaa  ether 
unit  during  the  fourth  addition  tine. 

4.2,  TifE  CCKJOK  PF0i£.;?2£INC  CIRCUITS 
4.2.1,  The  recejvjo^  circuits. 

The  receiv'xg  circuits  cause  the  cecunnilator  to  add  to  its  present 
contents  any  trn  digit  signed  number  arriving  through  the  input  plugs  to 
SV^.  Th>s  additioc  is  aceo^Ushed  by  opening  the  proper  set  of  receiving 
gates  (L  to  A  41,  L  to  a  42,  ....  or  L  to  A  45),  and  by  providing  for  the 
carry-over  between  the  v?rious  decades. 

Supp  se  that  activated  program  control  has  its  operation  switch 
set  on  a.  This  applies  a  positive  gate  to  SU  1.  The  inter connector  cable 
cr-u'iac.s  this  to  ST^l.  then  it  will  cause  tube  C43  to  become  conducting  and 
turn  off  the  inkf-rtcr  J46.  The  positive  gate  from  J46  opens  the  gate  tubes 
L41  tn  A  41  and  any  digit  or  HI  pulses  arriving  at  the  plug  SV^  will  bo 
tranaraitted  into  the  corresponding  decade  or  Hi  unit.  aIso.  the  positive 
gate  from  STj^l  will  open  the  gate  tube  £47  allowing  the  curry-clear  gate 
(CCG)  to  be  passed  to  the  invertors  A  to  D  49.  The  output  fboa  these  in- 
vertere  then  opens  tte  carry  gates  19  and  20  in  each  decade.  This  earr/- 
over  will  be  uxpl^^ined  in  dct'dl  when  the  numerical  circuits  are  taken  i4>. 
(see  See.  4.3.I.). 
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If  the  clear  switch  is  set  on  c  and  the  operation  awLt^  on  ^ 
then  a  negative  gate  will  be  applied  to  inverter  G$0  turning  It  off  and  open- 
Ing  the  gates  1.49  This  passes  the  1'  pulse  through  the  intereomector 

tenoinals  14  15  Into  the  first  decade  of  thn  ptnr »  Th5a 

sides  for  the  etrTe.-:tios  of  negative  nuiiiieis  where  sooe  of  the  last  digits 
hare  been  lost  by  of  deletern  (see  Section  11.2,) 

4,2.2.  The  add  and  subtract  transmiesion  circuitr. 

Si4>po8e  the  operation  switch  of  an  activated  program  control  is 
set  at  AS.  Then  a  positive  gate  will  appear  at  SO  7  and  be  transferred  by 
the  interconnector  Juag)er  to  ST^  7.  Then  it  will  open  the  gate  tubes  G47* 

G49f  H49»  and  l(4l«  G47  will  pass  the  eybllng  pulses  (10  P)  to  the  inverter 
H4B  and  the  cathode  follower  L46«  The  output  of  L46  operates  the  buffers 
B,  D,  F.  H,  and  K  46  resulting  in  the  deeaded  being  cycled  through  all  tea 
stages  back  to  where  they  started.  G49  will  pLss  the  9  pulses  to  the  Inverter 
£  tS  and  the  cathode  follower  D4B.  F^om  there  these  pulses  go  to  the  gate 
tubes  22  in  the  decades  and  the  gute  tube  16  in  the  FU  unit.  Similarly^  H49 
will  pass  9  pulses  through  C48  and  FAS' teethe- gates  21  and  15*  U41  passes  a 
!•  pulse  through  the  transmitter  (23,  24  and  25  in  the  FU  unit)  to  the  inter¬ 
connection  terminals  SU^  17«  From  there  it  goes  to  the  significant  figure 
switch  and  into  one  of  the  output  terminals  of  the  subtract  output  Slf2« 

If  the  operation  switch  is  set  at  A  then  the  cycling  pulses  (lOP) 
arc  provided  by  gate  H47  ^nd  the  9  pulses  (9P)  are  supplied  to  the  add  gates 
21  of  the  decades  and  15  of  the  FU  unit  by  the  gate  J49*  IF  t.he  switch  is 
set  at  S  then  the  cycling  pulses  are  pMvided  by  F47  and  9  pulses  are  sent 
to  the  subtract  gates  22  of  tb*  decades  and  16  of  the  m  unit  by  gate  P49| 
also,  U42  provides  the  correction  pulse  (l'P)«  If  the  clear  switch  of  the 
activated  program  control  is  set  at  C  then  at  the  end  of  the  operation  (one 
addition  in  the  case  of  receivers  and  one  to  nine  additioi  tiacs  in  the 
case  of  transceivers  depending  upon  the  setting  of  the  repeat  switch)  a  negative 
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gate  voltage  will  appear  at  SO  9  end  traa  STj  ^  it  will  turn  off  tte  iiH 
verter  *^50  the  gete  This  passes  a  earzT^elear  gate  (GOQ)  ta 

the  clenr  tube«  I'l  to  10  in  the  Rl-Clear  wit). 

4.2«3«  of  the  ejfw  cireuits 

Tct  xj\‘iiri£':s  cf  rounding  off  maaijers  the  Meades  of  an  aenirrulator 

are  provid*:d  lath  cLear-to-five  etrenttw.  Tb  the  left  of  the  FH  unit  is  seen 

the  significant  figure  switch.  The  setting  of  this  switch  determines  whieh 

decade  clears  to.  AH  other  decades  clear  to  sero.  For  eaB^tle^  to  round 

eff*  to  three  significant  figures  the  seventh  decade  is  cleared  to  live  befwe 

the  nucher  to  be  rounded  off  is  put  in  the  aeosmilatar. 

Inspection  of  a  decade  plug-in  unit  on  the  cross-section  PX-$-115 

shews  that  clearing  any  stage  in  the  ring  is  aceoagilished  bj  a  direct  eoiv- 

neetion  to  the  clear  tubes  (1  to  10  in  the  Ri  unit)  labeled  "clear  T",  and 

a  return  circuit  labeled  "clear  R"  which  returns  to  a  resistance.  The  block 

diagram  shows  that  all  stages  except  zero  and  five  connect  direetlF  to  the 

clear  tubes  and  the  resistance,  whereas,  stages  zero  and  five  connect  to 

four  decks  of  the  significant  figures  switch.  The  significant  figures  switch 

effectively  reverses  the  ccuincctions  to  the  zero-five  leads  in  one  decade 

causing  the  decade  to  clear  to  five  instead  of  to  zero. 

With  the  significant  figures  switch  setting  as  illustrated,  the 

ninth  decade  will  clear  to  five, giving  nunbera  with  one  significant  figure, 

A  clear  signal  ccoing  f^cm  the  clear  tubes  in  the  HI  unit  will  go  directly 

to  the  iq)per  connections  to  stages  1,  2,  3#  Ut  6,  7#  8,  and  9  in  all  deeadesi 

through  deck  one  of  the  significant  figures  switch,  it  will  go  to  the  t4>per 

eonnections  to  the  fifth  stages  in  all  decades  except  the  ninth  (corresponding 

% 

to  one  significant  figure)  and  in  the  ninth  through  deck  2ji  it  will  go  to 
the  Uf^er  connection  of  the  zero  stage.  The  return  circuits  come  back  in 
a  sisiilar  manner  through  decks  2  snd  lA, 
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The  dear  slgpd  arises  by  a  eariy-clcar  gate  beii^  ^ 

tube  U44  to  the  inverter  1U|3  and  thence  to  tube  1  in  the  Ftt  irnit.  If  the 
AccuDulator  is  being  used  with  the  nultiplicr  or  divider  the  dear  gate  nay  be 
introduebd  directly  into  the  FU  unit  as  illustrated.  The  gute  *<11  be 
opened  to  pass  a  eaxTy^dear  gate  in  the  following  ea-ses^- 

a)  If  the  ENIAC  is  initially  cleared  the  initid  dear  gate  (IflB) 
arrives  through  the  buffer 

b)  If  the  accumulatcn'  is  set  to  selective  dear  and  the  selective 
clear  gate  (SCO)  is  provided  at  the  initiating  unit  (see  2.3*1.|  then  the 
inverter  «QQ  Is  turned  off  by  the  signal  from  the  buffer  iJSm 

c)  Qr^  if  the  program  control  switch  of  an  activated  program 
circuit  is  set  to  0,  A,  AS^  or  S  and  the  clear  switch  to  C  th^n  at  the  end 
of  the  operation  a  negative  gate  appears  at  SX^  9  which  turns  off  the  ixw 
verter  J30  and  opens  the  gate  IUi4« 

The  ICG  also  clears  the  repeater  ring  back  to  stage  «ie  by  gating 


a  CFP  at  K50a 

A,2,A.  A  descripti*«n  of  the  intereennection_fgatures 

The  outputs  of  the  program  control  circuits  appear  at  terminals  SO 
located  on  the  front  panels.  Just  above  these  are  the  terainals  ST.  It  Is 
expected  that  the  usual  plan  will  be  to  operate  as  a  ten  digit  aecuEulater. 
In  thie  case  a  juii9>er  is  plugged  from  the  terminals  SUj^  t»  STj^  (PX-5-121) 
and  a  load  box  is  placed  in  ST^.  Ttes  effectively  connects  together  the 
Interecnnector  terminals  located  next  to  each  other  on  the  blcdc  diagram 
FI-5-30A.  In  ease  of  twenty  digit  operation  all  the  program  controls  nist 
operate  in  paralleli  this  means  that  the  load  resistors  for  these  circuits 
cannot  be  built  in  since  what  is  correct  for  separate  operation  would  not 
be  correct  when  they  are  operating  in  parallel.  Thus,  the  Ivad  resistors 
are  on  a  unit  which  is  plugged  into  the  front  ranel.  Only  one  such  unit 
is  used  with  each  accumult^tor  or  with  each  pair  of  accumuUtors  idien  con- 
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nected  to  form  a  twentT-digit  accunilator. 

If  two  accuimil&torB  are  to  be  intereminected  to  fwa  a  twentj 
digit  accuiail£;tor  then  the  tcrminala  SU2  ^''-nd  ST^  of  the  left  aeeumiw 
lator  are  Junked  respectively  to  SU^  and  ST^  of  the  ri^  hand,  SU^  ^ 
the  left  hand  is  jumped  to  ST^  of  the  left  hand,  and  a  load  box  la  placed 
in  of  the  right  hand  aecufflulator.  This  m:dcc8  the  carry-over  ftem  the- 
tenth  decade  of  the  right  hand  accumulator  go  into  the  first  decade  of  the 
left  hand  and  the  1'  pulse  (correction  pulse)  go  inftC'^he  fU’st.  decade  of 
the  right  hand  aecumulii-tor.  The  *10"  output  of  the  si^iifieant  figure  switch 
of  the  left  hand  aceumnli^tar  goes  to  the  ii^ut  of  the  si^iificant  figure  switch 
of  the  right  hand  accumulator*  The  "0"  output  of  the  right  hand  significant 
figure  switch  goes  to  the  input  of  the  units  decade  of  the  left  hand  accumulator. 

A  list  of  connections  for  ten  and  twenty  digit  operation  are  given 
in  tables  4-2  and  4-3.  Note  that  the  HI  unit  of  the  right  hand  accumulator 
is  not  used  in  twenty  digit  operation. 

4.3.  NUIIERICAL  CIRCUITS 

4.3.1.  Gener'-il  description  of  a  decade  plug-in  unit. 

The  pulse  strndi'rdizer  (tubas  11,  12,  and  13)  consists  essentially 
of  four  triodes  (U  being  double  triode  6SH7),  The  output  of  tube  12  goes 
both  to  tube  13  rnd  the  gat*.  14* '  The  output  of  13  decade  ring. 

In  the  block  diagram  the  lerge  numbers  in  the  stagt.8  of  the  ring  represent  the 
positions  of  th.i  tube  while  the  small  nunber  Just  outside  the  respective  sti^ges 
represents  the  digit  corresponding  to  that  stage.  After  cleering,  the  ring  is 
setting  at  zero  (for  £  detailed  discussion  of  the  oper-tion  of  ring  counter 
circuits,  see  1«2.2.)* 

Receiving  numbers.  If  five  pulses  arrive  on  the  digit  ii4)Ut  they  will 
p^ss  throu.:h  the  pulse  st:jid:*rdizer  and  step  the  ring  up  to  position  five. 

Pulses  vdll  r  lso  go  to  the  p/Ac  tube  U  but  will  h^ve  no  effect  since  the 
second  grid  of  thst  tube  is  negr-tive  being  connected  to  the  negative  output 
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Vertical  inter  connecter  cable.  (FX-5-121) 

Just  one  used  for  either  a  10  «r  20  di^t  aecunulator. 
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These  connections  enable  rny  progran  control 
circuit  to  ccuse  the  cenonon  prograaaing  cireuite 
to  jnakc  the  accumulator  rccIv^ob.  ehanmelm 

These  connections  enable  any  progT'A  CMitrol  dr  cult 
to  cc-use  the  comnon  (U'ogr^iBaing  circuits  to  the 
sccumulrtor  tri^nsmit  on  A,  AS«  or  S. 

This  connection  takes  cere  of  the  clearing  action. 
This  connection  provides  for  the  correction  pulse. 


This  connecticui  in  thv  SZ.  end  takes'  the  carry  of  the 
10th  decade  into  the  input  of  the  m  unit. 


I  This  connection  takes  the  correction  pulse  transoitted 
I  b7  the  transmitter  (2>-25}  in  the  FU-Clcar  unit  to 
I  the  input  of  the  significant -figure  switch. 

Tendnal  18  is  a  ground  ccsuiection  in  each  ease. 

Note  that  the  load  box  plugs  into  terminal  ST^  ^-nd  has  Jumpers  uhidi  connect 
terminals  14  and  I5  snd  16  nnd  17.  This  takes'  the  correction  pulse  into  the 
units  decide  input  (units  dec.ule  of  right  h^-nd  accuBUlAitor  in  etise  of  twenty* 
digit  operation)  and  the  16  to  17  connection  trkes  the  ”10”  output  of  the 
significant  switch  to  the  units  channel  of  the  subtract  output. 


Horxzontsl  interconnect  or  esble,  (FX-5— 110), 
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These  connections  clusc  ajy  proigroa  control  ts  cause 
the  tifO  accuDulctors  to  act  in  unison  uhen  receiulog 
<»  a  to  e  • 


These  connections  cmisc  the  rccuouCUtors  to  act  in 
unison  uhen  tr'nscdttiiig  on  a,  mS,  or  S« 


This  connection -Causes  the  clc^ir  circuits  to  act  in 
unison. 

This  connection  ?.llo«s  cay  progr^  control  to  provide'  ' 
the  correction  pulse  it  temin  J.  ST  14  of  either 
aceumulatw, 


For  upper  cable  this  connectieo  takes  the  output  of 
the  10th  decade  of  right  h-rnd  accuoulator  to  1st  decade 
input  of  the  left  hand  accuaili-tor. 

This  connection  in  upper  cable  t-:^es  "0"  output  of 
significant  figure  of  right  h-nd  occuoulator  into  the 
units  eh^'>nnel  of  the  subtract  output  of  the  left  hand 
^ccumilator. 

This  connection  tdees  "10”  output  of  the  significant 
figiire  suitch  of  the  left  hand  ^ccuoil-ator  to  the  in¬ 
put  of  the  significant  figure  switch  of  the  right  hand 
rxeuraulatcr. 


TcraLn::!  18  is  a  ground  conn^.ction  in  all  c.'ses. 

Tho  connections  15,  I6,  and  17  s-rve  no  purpose  in 
the  lovicr  interconnector  cable  (botueiin  tcrsdnals 
SU,  and  SU-). 
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of  the  ninth  8t«i£C  of  the  doc^do  ring*  Suppose  thot  nore  pulses  arri.TO* 
Four  of  these  uill  step  the  ring  up  to  position  nine*  The  fifth  step 
the  ring  froB  nine  to  zero  -md  uill  pass  through  the  gate  14  setting  the 
decade  flip>flop  and  turning  the  inverter  15  off  producing  a  positive  pulse 
at  gate  19*  Since  the  incooing  digits  arrive  before  the  carry  gate  goes  on 
(sec  PX-9>301)  this  pulse  docs  not  pass  grte  19.  Ihs  sixth  pulse  steps  the 
ring  from  zero  to  one.  The  carry  gat^:  eomca  cm  later  in  the 
opening  gates  19  sod  20*  Since  the  flij^flop  has  been  set  the'  reset  pulse 
RP  (shieh  arrives  Just  after  the  cany  gate  cosies  on)  is  pcisscd  by  gete  18 
through  the  inv  erter  15  and  through  gate  20  to  the  digit  input  of  the  next 
decade  to  the  left.  This  is  called  the  delayed  earr7^*<iver.  Ttnis,  six 
plus  five  is  eleven. 

Suppose  that  a  decade  registers  nine  and  a  carry-over  arrives  fkon 
the  next  decade  to  the  right.  This  carry-over  pulse  besides  stepping  the 
ring  froB  nine  to  zero  also  paissos  through  gate  14  turning  off  the  inverter  15* 
This  gives  a  positive  pulse  to  g^te  19  and  since  the  carry  gate  is  still  on^ 
there  is  a  carry-over  to  the  next  decade  to  the  left.  This  is  colled  the 
direct  carry-over.  If  all  decr-dt-s  register  nine,  one  nay  have  a  sequence  of 
nineteen  such  carry-overs  in  the  case  of  c  twenty-digit  aecuoulator  so  the 
C’-rry  gate  has  been  made  sufficiently  long  to  provide  for  this  possibility. 

Tran«^T  ssion  of  numbers.  The  above  doseripticfi  of  a  decf:de  unit 
h'iS  been  in  terms  of  receiving  numbers.  Now  consider  an  activated  progrcjs 
with  the  program  switch  set  to  AS,  say.  In  this  c?-sc  the  cycling  pulses  are 
arriving  .-it  the  digit  input,  there  is  no  carry  over  since  the  carry  gates 
A  to  E  47  arc  not  open,  and  the  nines  pulses  (9P)  t>rc  arriving  at  the  gates 
21  ?-jfid  22  in  the  decode.  As  indicated  in  the  diagr^n,  nomuilly  (after 
initially  clearing)  g?.te  22  is  open.  Suppose  the  decade  registers  the  digit 
three.  *.Vhat  happens  during  the  twenty  pulse  times  of  an  addition  time  is 
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illustrated  in  the  table  4-4,  Note,  thet  the  tens  pulses  axrlTe  2  1/2  1». 
after  the  nines  pulse s^  this  gives  the  decade  ring  7  1/2  ps.  in  which  to 
step  and  also  7  1/2  P3.  for  the  flip-flop  (W,  17)  to  be  set.  If  the 
oper'tion  snitch  is  set  ,  at  A  insterd  of  AS  the  only  difference  is  that 
the  9  pulses  do  not  app-.  cr  at  gate  22  ';nd  the  1'  P  is  not  providuU  In  ease 
the  switch  is  set  at  S  the  1'  P  is  provided  ind  the  9  P  Sf^oar  only  at 
gate  22,  If  the  clear  switch  is  set  to  C  then  at  pulse  10  the  cany- 
dear  gate  sfyican  at  gc-te  tube  U45  and  tho  decades  rru.  ele:.red  back  to  zero. 
4.3.2.  Generrg  description  of  a  Pi/-  Clear  nlug-in  untt- 

Tha  i^i-Clear  unit  contcins  a  binary  count ur  to  rcigister  the  sign 
(R!)  of  numbers •  Since  the  binary  counter  is  nudh  sinpl&r  tlu-n  the  decade 
counter  the  pulse  standardizer  is  also  sutler.  It  contains  three  tubes  in 
two  envelopes  (a  6SN7  for  tube  11  and  12  is  a  6v6).  For  a  detailed  diseussiem 
of  ni  counters  see  Tubes  1  to  10  are  part  of  the  clear  circuits  and  have  been 
described  in  section  4*2.3*  Tubes  1$  to  22  comprise  the  trensnitter  circuits 
which  transmit  the  sign  indication  over  thu  add  and  subtract  'htputs.  Tubes 
23  to  23  form  a  stondLrd  transmitter  for  the  1'  pulse  (used  to  give  eocfilementa 
with  respect  to  K/*  instead  of  10^-1,  where  n  is  the  setting  of  the  signifi¬ 
cant  figures  switch.) 

An  odd  number  of  pulses  arriving  nt  the  Hi  tin^-xy  counter  will 
change  its  resulting  pos4.tion.  ^n  oven  number  of  pulses  will  leave  it  the 
sane  as  it  »:vs  to  start  with.  If  tho  number  registered  bP  the  aecuciul:tor 
is  positive  vnd  ®n  activated  program  control  has  its  oper'^tion  switch  set  to 
AS  then  nine  pulses  will  pass  g?te  15,  If  the  registered  nu^cr  is  minus 
then  nine  pulSs^s  will  be  transmitted  through  g''te  15  ewer  tho  add  output 
^  none  will  go  past  gate  16. 
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V ,  THE  HIM  SPEED  HULTIPUEB 

The  high  speed  nultipUer  is  a  unit  of  the  ENIAC  capable  of 
foroing  the  product  of  tuo  ten  digit  nuiid>er8  in  thirteen  addition  tinea 
(0,0026  8ecs,)a  It  is  called  a  high  speed  nultiplier  because^  b^  naking 
use  of  nniltipUcation  tables,  it  is  able  to  produce  a  product  marm^ 
rapidly  than  if  the  method  of  repeated  additions  uere  used.  In  the  wthod 
repeated  addition  a  maxinum  of  nine  addition  times  must  bo  alloHed  for 
digit  of  the  nultiplier  gi^ving  a  possible  total  of  ninety  addition  tines  for 
a  ten  digit  mltii^eir. 

The  method  of  multiplication  used  by  the  high  speed  nultiplier  is 
to  oultiply  the  entire  multiplicand  by  each  digit  of  the  nultiplier  in  tum 
and  to  sum  the  resulting  products  taking  into  account  their  prop>er 
positions.  Thus,  only  one  addition  time  is  required  tar  each  multiplitf 
digit  (plus  three  extra  addition  tines  for  operations  that  nust  be  perfOTnsd 
for  each  multiplication)  J 

The  circuits  arc  so  arranged  that  the  digit  of  the  multiplier 
uhieh  is  being  used  at  a  particular  time  excites  a  bus  of  two  nultiplicaticn 
tables,  a  tens  table  and  an  units  table.  .The  product  of  two  single  digits 
is  usually  a  two  digit  number}  thus,  the  output  of  the  tens  table  is  the  tens 
digit  of  the  products  of  the  nultiplier  digit  and  the  digits  one  to  nine 
inclusive,  while  the  output  of  the  units  table  is  the  units  digit  of  the 
products  of  the  multiplier  digit  and  the  digits  one  to  nine  inclusive. 

The  use  of  the  tv.o  tables  makes  it  possible  for  the  partial  products  to  be 
received  simltaneously  into  two  accumulators  without  interference. 

Since  the  product  of  tvio  tun  digit  numbers  is  usually  a  twenty 
digit  nund>er  it  will  be  nocessary  to  use  two  accumulators  interconnected  to 
form  a  twenty  digit  accumulator  to  receive  the  right  hand  (units)  partial 


produces  wid  siinil&rly  for  '^he  left  hsnd  (t>ens)  paxti.AX  produc^s^  ThuSf  for 
ten  digit  iniltiplication  the  high  speed  oultipUer  will  work  In  conjunction 
Mith  six  accuDulators,  one  for  the  railtipUer,  one  for  the  multiplicand,  toe 
for  the  left  hand  partial  products,  and  to©  for  the  light  partial 
products. 

Throughout  most  of  the  discussion  of  this  chapter  it  he 
assumed  thet  uecusnilators  9  and  10  are  used  for  the  multiplier  and  — 
plieand,  respeetir  thet  accomulators  U  and  12  (connected  to  form  s 
teenty  digit  accumulate)  receive  the  left  hand  products,  and  that  aceunula- 
tors  13  and  14  (also  used  as  a  ttoenty  digit  accumulator)  receives  the  light 
hand  products.  The  setting  of  the  r  espective  program  controls  on  these  last 
(two  twenty  digit)  accumulators  determines  whether  the  final  product  appears 
in  11  and  12  or  13  and  14* 

After  the  multiplying  operatim  has  been  carried  out  for  each 
digit  of  the  multiplier  (eertrdn  conplunent  corrections  may  be  needed)  the 
right  and  left  hud  products  are  collected  into  one  accumulator.  In  the 
fourteenth  addition  time  (for  a  ten -digit  multipUcutiom)  the  product  may 
be  transmitted  to  some  other  unit  and  simultueously  the  multiplier  and 
multiplicand  accumulators  may  rocelve  the  next  numbers  to  be  multiplied, 

5,0,  ITjTRQDUCTIOH.  This  description  of  the  multiplier  will  be  given  in 
terns  of  the  block  diagrem  PX-^306  and  the  cross  section  diagrams  PX-6-112 
and  FX-6>1121,  In  the  upper  left  corner  of  the  block  diagram  is  seen  the 
nultiplier  selector.  To  the  right  of  this  (upper  center)  is  the  tens 
oultiplicatlon  table  and  in  the  upper  right  corner  is  the  units  multipli* 
cation  table.  Below  the  tables  arc  the  tabic  gates  which  pass  the  1,  2, 

2* ,  and  4  pulses.  Below  the  gates  -'TC  the  two  nultiplicud  selectors, 
one  for  the  tens  table  and  one  tor  the  units  tabic.  The  output  of  the 
nultiplieand  selectors  goes  to  the  shifters  and  thence  to  the  digit  outputs. 
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These  circuits  comprise  whet  will  be  called  the  mmerical  circuits. 

To  control  the  operation  of  these  numerical  circuits  there  ar« 
th^  coaaon  progT'^oolng  circuits.  The  cqbduui  progrenaing  circuits  consist 
of  th'^  nultiplier  ring  (located  on  the  block  diagrcB  under  the  aultiplier 
selector),  the  round-off  circuits  (A»  46  to  49,  A"  to  IP  45,  and 
K"  45),  the  coBpleiaent  correction  circuits  (B"  46  to  50,  C"  46  to 
50,  and  L"  43  to  47),  the  receiving  ^rcuits  (B,  j;  and  £  4I  to  50), 
the  product  disposal  circuits  (D»  to  J"  46  to  50),  the  clear  circuits 
(A  to  L  11) ,  reset  circuits  (to  the  right  of  the  ring),  and  below  the 
reset  cireuxts  a  receiver  to  cause  the  product  accunulz-tors  to  receive  the 
p^ial  products  end  a  circuit  (A"  47  to  50)  to  c:iuse  the  collection  of 
the  right  and  left  h^d  products. 

There  remains  tht  prOi'n»an  control  circuits.  These  cttisist  of 
twent7  four  transceivers,  their  associ'^ted  switches  and  buffer  tubes. 
Associated  with  eadi  transceiver  we  have  the  following  switches:  a)  places  ' 
witch,  b)  multiplier  and  nultiolieand  ele«ir  switches,  c)  significant  figures 
switch,  d)  multiplier  receive  switch,  9)  multiplicand  receive  switch,  and 
f)  the  product  disposal  swltdi. 

The  program  control  circuits,  the  cociuQd  programning  circuits, 
and  the  numerical  circuits  will  be  described  in  detail  in  the  next  throe 
sections.  The  fourth  section  will  ba  devoted  to  cxae^les, 

5.1,  PR0CR.j:l  COrrrROL  CIRCUITS, 

5.1.1,  The  buffer  plug-in  units,  as  shown  in  the  block  diagram  there  are 

two  buffc;rs  on  the  progrrjn  input  lines  to  each  transceiver.  There  are 
» 

eight  transceivers  located  on  each  of  the  three  prntls  of  the  aultiplier. 

The  sixteen  buffers  for  each  pr^ncl  arc  loc-.ied  on  two  plug~in  units.  The 
tubes  in  these  plug-in  units  are  nunbered  from  61  to  68.  Note  that  tubes 
61  and  62  are  associated  with  the  first  program  circuit.  Those  numbered 
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63  2nd  64  would  be  ussocirled  wi'bh  the  sc-cond  program  circuit  and  so 
forth*  This  buffer  system  ueLns  thnt  cit  c^ost  five  program  controls  need  be 
list'd  in  each  of  the  multiplier  and  the  nultiplicaad  accumulators  in  order 
t:  rre^ive  the  imiltiplicrs  jnd  multiplicands  for  all  possible 
ticroS. 

4  program  pulse  exriving  on  terminal  U,  for  example,  would 
turn  the  buffers  6l  and  62  cn  giving  a  ncgstlve  pnlse  at  the  reccivs 
switches  (see  5 >2.3).  Dependir^  upon  the  setting  of  these  switches 
pulses  n'iy  be  obtriined  out  of  one  of  the  teirunals  to  Re  and  one 

ef  Pi  to  Oc, 

5«1»2,  Transceivers.  These  trctrisceivtrs  are  standard,  that  is,  they  are 
identic  -1  with  the  transceivers  usrd  in  the  accumulators,  the  function 
tables,  the  divider,  ?.nd  the  const'*nt  truisnitter.  This  sii^Ufies  the 
problem  of  m'  int:ilning  operation,  since,  if  rny  one  ff>ils  the  unit  can 
be  pulled  out  and  a  spere  pub  in. 

5.1.3.  PregT'-m  control  switch- s.  With  each  transceiver  there  are  the 
following  switches: 

a)  Pl'-ces  sivitrJi.  This  switch  determines  how  many  digits  of  the 
multiplier  art.  used  in  the  multiplication.  Since  the  tine  required  for  a 
nuitiplicution  is  n^3  where  n  is  the  nur'ber  of  digits  in  the  multiplier 
the  tirib  required  for  a  problem  can  be  ja: t^rially  short'-ned  if  fewer  than 
ttn  digits  of  the  multiplier  can  be  used,  'uith  the  place  switch  setting 
at  8  (cs  illustrated)  the  multiplier  ring  will  step  to  stage  10  using 
eight  dibits  of  the  multiplier.  The  inverters  G'  45  ^nd  K»  45  being 
off  the  g'lte  H*  46  will  turn  the  inverter  F*  47 

addition  time  a  CPP  will  pass  grit-  F*  4S  and  through  the  inverters 

C*  47  and  D»  47  will  clear  tha  line  to  stage  13. 

b)  Lultinlitr  -.nd  Lultinlic-nd  clear  switches.  Depending  upon 
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ttie  setting  of  these  swltehcs  the  following  four  possibilities  arise: 

iler  Clear  ficand  Clear  Result 

Switch  Switdi 


(1)  0 

(2)  C 


(3)  0 


0  Ncitb&r  hultiplier  or  nultiplic&nd 

accunultitars  clear. 

0  An  activated  progr^jn  causes  inverter 

J  30  to  go  off  opening  the  gate 
H  30.  This  gate  passes  the  OGG  to 
the  inverter  G  31  whidi  turns  the 
buffer  J  29  on.  The  output  of  J  29 
goes  directljr  to  the  ciWar  tuhao 
2  to  10  in  the  Ri  unit  of  the 
mltlplier  accuauleter. 

C  In  this  c?'Sc  k  31  goes  off  opening 

the  g'^te  B  31*  The  CCG  turns  off 
the  invcrti;r  C  30  which  in  turn 
cruses  the  buffer  H  29  to  conduct. 
The  output  of  K  29  goes  dircctlj 
to  the  clear  tubas  of  the  aultipli* 
esnd  accuoilator. 


(0  C  C 


H'-^re  the  inverter  £  30  goes  off 
opaning  th'^  gates  D  30  and  P  30. 

As  £bovCj  the  cle'^r  gate  is  passed 
into  tha  two  seta  of  clear  tubes 
in  the  respective  R|  units. 


e)  Significant  fltr-irns  switch.  Depending  upon  the  setting  of  the 
significant  figures  switch  a  5  is  put  into  one  of  the  decades  of  the  left 
hand  product  aecunulators.  If  the  s-iiitch  is  setting  on  2  (as  illustrated) 
at  the  second  addition  tine  the  digit  3  will  be  passed  by  gate  H" 


into  decade  nuniber  8  of  product  accumulator  number  11  (corresponding  to 

digit  output  tenninal  S7  )• 

L 

d)  Hultiplier  receive  switch.  This  switch  deterrvines  whether  the 
multiplier  accumulator  receives  the  aultlpUcr  on  the  Input  temincls  a* 
y»  or  e.  The  program  pulse  arriving  over  li,  for  cXtUiplej  turns 
the  buffer  61  on  giving  negative  pulse  thi'ough  the  switch  turning  inverter 
H  46  off  (if  the  switch  is  sorting  as  illustrrttd).  This  causes  the 
buffer  H  46  (these  are  the  two  triod^s  of  a-6Si»’7)  to  conduct  and  the 
tr’msiaitter  J  to  L  46  gives  a  progr'Ji  pulse  out  of  the  tenainal  located 
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cB  OtB  IVwIt  of  psnoX  oiiG«  This  wlXX  noznall^  be  connoebed  to  tho  q£ 

®  receiver  or  o  trsnaceiver  Xocsted  in  the  omltiplier  Accumil&tor  tlio 
COTesponding  program  snitch  will  be  set  to  receive  on  e  • 

Mttltiplicand  receive  switch.  This  switch  operates  in  a  — »Tin^r 
entirelj  analogous  to  the  multiplier  switch  described  above^ 

f)  Product  disposal  switch.-  Suppose  that  the  product  is  rinall^ 
collected  in  accumulators  13  and  H.  ^  setting  of  the  product  swltdi 
deteroxnes  what  the  pair  of  accusulators  (operating  as  a  twenty  digilE 
accumulator)  do  with  the  numbers.  Suppose  the  disposal  switch  is  setting 
on  SC  (as  illustrated).  The  program  which  started  the  nmltiplication  set 
the  flip-flap  (66»  67  in  transceiver)  and  so  opened  the  gate  62  in  the 
transceiver.  At  the  end  of  the  multiplication  the  reset  signal  arrives^ 
passes  gate  62  and  turns  off  the  inverter  65.  This  turns  on  the  buffer  63 

giving  a  negative  gate  throu{^  the  disposal  switch  txutting  off  inverter  E"  66 
op^iing  gate  E"  67»  at  the  beginning  of  the  next  addition  time  a  GPP  Is 
passed  through  the  transmitter.  E"  68  to  $0  to  the  tcnainal  SC  cxi  front 
panel  number  three.  Generally,  the  operator  will  connect  this  output  to  the 
input  of  a  program  control  circuit  on  accumulators  13  or  14«  say,  and  the 
corresponding  program  switch  will  be  set  to  S  and  the  clear  swit^  to  C*- 
If  needed,  the  other  outputs  A,  S,  AS,  AC,  and  ASC,  can  be  connected  to  the 
inputs  of  program  control  circuits  on  accumulators  13  and  16  (or  11  and  12 
if  the  product  is  collected  here)  and  the  corresponding  switches  set  accord¬ 
ingly. 

5.2.  COUHOW  PROglfAamjG  CIRCgIT% 

5.2.1.  The  multxplier  ring.  This  is  a  fourteen  stage  ring  whi^  cmtrola 
the  timing  of  the  multiplication  process.  Whenever  a  program  control  circuit 
is  activated  the  inverter  H*  66  goes  off  opening  the  gate  F*  66.  This 
gate  then  passes  central  prograa  pulses  thr  ’Ui-h  the  pulse  standardizer  E* 
to  B*  66  to  step  the  ring,  VOicnever  the  ring  is  not  at  stage  one  the 
gate  J»  66  is  open.  This  passes  centril  program  pulses  to  the  inverter 
H*  66  and  thence  to  the  gate  G*  64.  If  the  initial  clear  gate  is  on 
the  CPP  pass  G*  66  and  step  the  ring  until  it  arrives  at  etage  one..  When 


▼  -  7 


it  rocches  stage  one  J*  ii4  closes  shutting  off  the  CPP, 

This  octhod  of  Initial  clearing  by  stepping  the  ring  to  stags 
one  is  used  here  since,  as  described  belon,  the  regul&r  clearii^  clraiits 
f-'ite  in  conjunction  with  the  places  switch  to  clear  the  ring  to  stage  13 
t,!ie  process  of  ten&inating  the  multiplication. 

Suppose  that  program  control  1  has  been  activated.  The  multiplier 
ring  steps  (at  the  end  of  the  next  addition  time)  to  stage  tern  turning  A*  .  ii3 
on  and  the  inverter  B*  A5  off.  This  opens  the  gates  A*  Ulb  and  47 
which  pt-ss  the  4  pu].scs  and  the  1*  pulse  to  give  a  five  in  sooe  decade  of 
accumulators  3  or  4*  Th'o  output  of  B'  45  also  goes  to  gate  B*  47 
which  gates  a  1  pulse.  This  1  pulse  turns  the  inverter  B'  IS  off 
and  thence  sets  the  two  receivers.  The  outputs  of  these  two  receivers  come 
to  front  of  panel  three.  (See  PX«> 4-304  )•  From  there  these  ^te  signals 
will  be  taken  by  special  interconnecting  Jumpers  to  inter  connect  or  terminals 
STj^  1  on  accumulators  11  and  12  and  accumulators  13  and  14a  Inspection 
of  the  accumulator  block  diagr:ea  Rw-5-304  shows  that  this  will  cause  the 
product  accumulators  to  rc-c^r.ve  the  p'rtial  products  over  the  input  digit 
teminals  a  •  This  is  an  example  of  a  receiver  located  in  one  unit  operating 
the  governing  circuits  of  another  unit. 

The  timing  is  important  here: 

Pulse  tine  1?  IB  19  012345  6789  10  111213141516 

CPP  steps  ^  1  P  sets  4  P  1*  P 

ring  to  .  receivers  start  arrives 

second  to  cause 

stage  partial  prods. 

to  be  received 

Thus,  in  one  addition  tine  the  ring  steps  to  the  second  stage,  the 
product  accuDulatcn's  arc  set  to  receive,  a.ii  the  five  pulses  for  the  rounds 
off  are  put  into  the  proper  decade.  The  CPP  that  steps  the  ring  could 
not  be  used  to  operate  the  receivers  because  of  the  tine  it  takes  for  B*  47 
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to-apoB* 

The  nesct  addition  tioe  the  ring  steps  to  stage  three*  B*  42 
goes  on  end  inverter  L  1  off  opening  the  gates  for  the  tenth  digit  of 
the  nultipli-cr  (gates  K  2  to  K  11)  •  Depending  upcm  the  tisnth  digit 
of  the  nultiplier  one  of  the  lines  throu^  the  cultiplication  tables  eiU 
c^rry  a  negative  gate  (which  will  turn  off  certain  pulse  gates).  At  the 
s'dae  tine  inverter  B*  41  will  go  off  causing  the  bottom  row  of  gates  in 
the  two  shifters  to  open.  Thus,  the  tens  pirtial  product  will  feed  into 
aceunulator  11  and  the  units  partial  product  into  decades  1  to  9  ef 
aecunulator  13  and  decade  10  of  aecunulator  14*  Notice  that  the  units  product 
is  already  shifted  one  place- to  the  right.  Thus,  when  the  right  and  left 
hand  products  are  collected  at  the  end  of  the  nultiplication  no  extra  shift¬ 
ing  will  have  to  be  done* 

As  the  ring  steps  from  3  toward  stage  12  the  gates  for 
successive  digits  of  the  multiplier  are  opened  and  the  gates  on  eorrcspondihg 
levels  in  the  shifters  are  opened* 

If  the  place  switch  is  setting  on  8  the  inverter  G*  43  it 
off  opening  gate  H»  46.  Vllhen  the  ring  reaches  stage  10  the  inverter 
H'  45  goes  off  causing  the  gite  H*  46  to  go  on  and  the  inverter  F*  47 
to  go  off.  This  opens  the  gate  F*  48  snd  at  the  end  (pulse  tine  17)  of 
the  addition  tine  a  CPP  turns  the  inverters  C*  47  and  D»  47  off 
clearing  the  ring  to  stage  13  (this  clear  signal  overrides  the  stepping 
signal  which  would  noxoally  step  the  ring  to  stage  11).  The  output  of  F*  47 
also  g?tcs  a  CPP  at  the  end  of  the  addition  time  at  E*  46  which  turns  the 
inverter  F»  49  off  causing  the  receiver  flip-flops  to  reset.  This  causes 
the  product  accumulators  to  stop  receiving  the  p^ial  products.  The  out¬ 
put  of  P*  47  also  opens  the  g'ites  B"  46  and  L"  47»  7he  CPP  gated  by 
6'*  46  ultimately  gives  a  program  pulse  out  R5  if  the  multiplier  is 

negative  and  out  DS  if  the  multiplicand  is  negative*  If  both  multiplier 
« 
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and  nultipliesnd  are  negatlwe  L"  47  gates  a  1*  pulse  whidi  flnallj  goes 
into  the  HI  ehenael  to  scemlator  I3« 

'.ihen  the  ring  steps  to  stage  I3  the  inverter  L*  45  goes  off  and 
.yt.s  r  49,  K«  50»  and  A"  47  are  opened.  At  the  Uth  addition  tlM 
J  i.9  ^tes  a  CFP  shxch  sets  a  flipflop  causing  progress  1  to  6  to  rs* 
5ct.  At  the  Sase  tine  S”  5^  likewise  causes  prograos  17  to  24  to  bs 
reset.  A”  47  getes  a  CP?  during  the  14th  addition  tine  which  idll 
ggier&Ily  be  used  to  collect  the  rij^  snd  left  hand  products.  Ibis  pulse 
is  trmsitted  to  terrinal  F  on  the  frost  panel.  Free  there  it  will  be 
jiziped  tj  the  jperatar  to  a  prz^sa  traj  and  then  used  to  prograe  traa^ 
nissicn  zf  the  left  hand  partial  prcd^ietj  sav,  and  the  reeaptioa  of  Uds 
1‘ft  hand  product  kj  acarailators  13  ard  14. 

Stage  14  of  the  ring  cesses  pragrars  9  to  I6  to  be  reset. 

The  rang  is  located  cn  panel  two  of  the  znltipller,  so  the  g%tes  62  in 
transceiTcrs  5  to  16  can  be  rparated  Hr  -ctlj  tj  tts  output  of  the 
ilnr.  'Since  trameelTers  I  to  6  are  an  panel  aae  a  ^dal  flipi*flof> 

{i  and  F  45)  s^t  b7  a  Cr?  cirlnr  the  i^ah  asiiti'.c  tizr;  (passed  b/  gate 
Z  -r  whicr  is  ac-ened  kj  stajse  I3  of  the  rinr)  proTrldes  the  reset  si^aal. 
SinilarlF,  an.ther  flinfl'p  (L*  arc  r-  t?)  r'^ssts  pragras  17  24, 

Froc.  stare  14  rlr^  st^ps  ba^  to  stage  1  asd  staps.  At 
ttis  tine  the  trensoeirer  sItvS  an  ■vjtt.'iit  pr'jTts  psilsa. 


t  i 

o 


_ .w^r-n— 


'  -'i.- / 


iritial  cle^  ga* *  ^  atplied  ta  the  aa-ltiplier  ocly  tbrooi^ 
This  gate  is  zees  zclj  whr^n  the  rihg  is  act  xj  stage 

0=  aff^,  -f  -tnlr^nr  the  irntitl  cleer  is  to  the  pr 

■.roxjd  tz  stare  xe  and  st  p. 

t  Zjped  f-.r  anvtozr  p-rp  i'—  ::i.'ize  tz.-:  -f  p-a-ot*  --f 
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between  the  setting  of  the  places  switch  cjf  an  activated  program  and  the 
stagb  on  which  the  ring  is  setting  will  c^n  gate  causing  the  ring 

t  i  "clear"  to  stage  13, 

4s  ^th  the  accunulators  there  is  no  need  to  clear 

uhfe  tEJisceiwers,  Any  jn'ogran  pulses  which  get  staxted  in  the  prograaaing 
circuits  arc  allowed  to  run  through  the  sequence '(sU  sequences  are  broken 
at  the  master  progranaier,  see  10.$),  and  then  the  decades  of  various  units 
are  cleared, 

$.4.  iroiEHICfcL  CIRCUITS. 

5.4.1  ^  multiplier  selector.  The  multiplier  selectcr  is  an  array  of 
one  hundred  gate  or  coincidence  tubes.  There  is  a  tube  for  each  possible 
digit  in  each  place  of  the  mshber.  ^Jhen  the  multiplier  ring  Is  at  stage 
three  the  gates  for  the  tenth  digit  of  the  multiplier  will  he  open.  If 
the  first  digit  of  the  multiplier  is  4,  for  exa&^le,  then  the  static 
output  of  that  stige  of  the  tenth  decade  of  the  multiplier  aceumulatw 
will  be  energized  and  the  tube  K  7  will  conduct  giving  s  negative  gate 
to  the  inverter  L  7.  Vftien  this  inverter  goes  off  the  tubes  L  26  and 
K  26  go  on  giving  a  negative  gate  on  line  4  into  the  nultiplicatlon 
tables. 

5.4.2.  Thji. tables  and  the  tab3.e  gates.  The  1,  2,  2*,  and  4  pulses  eome 
fr.ci  the  cycling  unit  trunk  to  buffers  D  45  47  *nd  £  «nd  P  4B. 

Fnm  the  buffers  each  pulse  goes  to  an  inverter  and  then  to  the  table  gates. 
Inspection  of  the  cross  section  PX-6-112(A')  shows  that  the  table  network 
is  such  that  nmoally  the  second  grids  on  the  table  j^tss  are  sufficiently 
positive  that  they  pass  the  1,  2,  2» ,  and  4  pulses.  Thus,  the  nultipUea- 
tian  table  is  a  so  called  "c  aplcnent-iry"  table,  tliat  is,  all  the  gate  tubes 
n'-mally  pass  the  1,  2,  2'  and  4  pulses  and  arc  turned  off  by  the  table  if 
they  sm  not  wanted. 

The  digits  of  the  multiplier  arc  represented  by  the  horizontal 
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lines  through  trhe  table.  The  digits  ot  the  Qultiplicand  are  s^ireaeiited 
by  the  vertical  groups  of  lines  as  labeled  at  the  top  of  the  table.  In 
rultlplylng  one  tises  nine  (consider  one  as  the  oultiplier)  the  lines  of 
tho  l':st  olunn  of  the  units  table  have  no  connecticeaa  to  the  horizontal 
.  I,.  This  alloits  gates  D  to  G  21  to  pass  nine  pulses  ehich  is 

liTiivs  pert  jf  the  product  of  ni-ne  and  one.  In  the  tens  table  for 
t.hti  snne  two  nusJsers  there  ar^'  connections  to  all  four  vertical  lines. 

Tikis  neans  that  gates  D  to  G  41  will  be  closed,  which  is  correct  since 
the  tens  |»rt  of  the  product  of  1  -bnd  9  is  0. 

New,  consider  six  tines  seven.  On  the  horizontal  line  for 
in  the  units  table  in  the  column  f<H'  seven  there  ore  connections  to  1,  2*, 
and  4  but  none  to  the  2  lines.  This  means  that  gate  F  23  will  be  open 
and  will  pass  two  pulses  but  D,  £,  and  G  23  will  be  closed.  Xn  the 
corresponding  place  in  the  tens  ttjble  there  are  connections  to  the  lines 
for  1  and  2.  Therefore,  the  gates  E  and  G  43  will  be  closed  while 
D  43  will  be  open  and  will  pass  4  pulses.  Notice  that  zero  in  the 
nultiplier  Bust  be  connected  to  aid  vertical  lines  in  the  table  so  as  to 
stop  all  pulses  frou  going  to  the  nultipliccJid  selector.  Also,  note  that 
zero  gates  are  not  needed  in  the  multiplicand  selector. 

5 •4.3.  The  multiplicand  sel '■otors.  The  output  of  Uje  table  gates  for  the 
nine  column  in  the  tens  table  goes  to  tkie  top  row  of  gates  in  the  left  hand 
multiplicand  selector.  The  output  of  the  eight  column  goes  to  the  second 
row.  Mid  so  forth.  There  is  no  need  for  a  units  column  or  a  units  row  In 
the  tens  solector  since  one  times  any  digit  gives  zero  in  the  tens  place. 
Siiulorly,  in  the  units  table  the  output  cf  the  nines  column  goes  to  the 
top  tm  of  the  selector#  et  cetera. 

Si4iposc  the  digits  *<f  the  nultipliccnd  ere  98765  43210  and  the 
nultipUer  digit  is  six.  In  the  tens  sdwct  )r  gates  L»  21,  K*  22,  J*  23# 
D*  28  will  be  open  and  will  respectively  p-iss  5#  4#  4#  3#  3#  2,  1,  1 
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pulsea.  In  the  units  selector  gates  L*  1,  K*  2,  J»  3,  C*  9  will 
be  open  and  wiU  respectively  pass  4,  8,  2,  6,  0,  4,  8,  2,  6  pulses. 

Tlicse  pulses  idll  feed  through  a  invert cr-buffer-imrerter  sequence  into 
the  shifter.  If  the  six  was  in  the  third  place  of  the  aultiplier  then  tin 
;'t-s  H"  30  to  H**  21  and  H”  10  to  H"  1  sill  be  open  in  the  respsetlM 
^lifters.  Thus,  the  partial  products  of  this  step  in  the  nultiplication 
viill  arrive  in  the  product  aeeunnlAtors  in  the  following  Danners 

H.-  Acc.  12  Acc.  13  Acc'.  14 

00C30  00544  33^11  00000  00000  00048  260{|8  26000 

The  output  of  the  shifter  passer;  through  the  driver  tubes  (a"  to 
K"  44»  for  example).  This  is  quite  diflc^’ent  ^oa  the  standard  transoitters 
used  on  the  output  of  an  aecunulator  (see  PX-5-3Q4)..  This  means  that  for 
reliable  operation  the  product  accuriulators  shoiild  be  close  to  the  onilti* 
plier  and  a  short  tray  with  no  load  box  used  to  cerzy  the  partial  products 
to  the  accumulators. 

VJith  the  inter eonr.art or  cables  in  use  at  the  present  tijae  ths 
partial  products  are  received  over  the  a  inputs  to  the  aceunulAtora. 

Since  the  capacity  on  the  outputs  of  the  driver  tubes  nentiemed  above  is 
United  (for  the  capacity  li.:dts  here  see  the  operators  nanual),  the  a 
inputs  to  the  accuDulat*  r5  u'^^d  to  receive  the  partial  in'oducta  must  not 
be  used  for  any  other  purpose. 

Kite  that  rows  of  shifter  gates  are  opened  only  when  the  prograa 
ring  is  on  stages  3  to  12.  Thus,  when  not  multiplying  (program  ring  is 
at  stare  1)  pulses  (psissed  by  the  table  ^atss  and  the  multiplicand  selector) 
are  not  passed  by  the  shifter  gates. 
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Ot>eration  of  Eiultipllcr, 

Addition  and  Descriptico 

pulse  ttiae 

0.17  Program  pulse  arrlTea  at  transceiver. 

This  pulse  passes  buffers  (61  and  62,  tar  example)  and 
depending  upon  the  setting  of  the  Eiultiplier  and  multi¬ 
plicand  receive  sMitches  may  be  transmitted  again. 

Gates  F'/|4,  and  K"  45  (asswiing  the  places  switch 
is  at  10  and  that  the  significant  figure  switch  is  at  10) 
are  opened. 

1.17  a  GPP  passes  step  the  program  ring  to  stage  2. 

Gates  A*  46  and  47  are  opened,  as  is  gate  B*47. 

2.1  One  pulse  passes  rate  B*47  to  set  the  1  and  r  receivers. 

2.6  Four  pulses  and  a  one  primed  pulse  pass  gates  A*  46  and  47 

to  to  give  five  pulses  out  channel  ID  of  ST- 

2,10  3 

2.17  The  program  ring  steps  to  stage  3. 

The  output  of  stage  three  causes  the  multiplication  of  the 
multiplicand  by  the  first  digit  of  the  multiplier  to  take 
place. 

3.17  The  program  ring  steps  to  stage  4  multiplication  hy 

the  second  digit  takes  place. 

4.17  The  progr^jB  ring  steps  to  stage  five,  and  so  forth. 


11.17  The  prcgruii  ring  sts:ps  to  stage  12,  f>pening  gate  F*46* 

£*49,  B"46  and  L"47. 

Uultiplication  by  the  tenth  digit  of  the  multiplier  takes 
place. 

12,10  lip  passes  L"47  and  (if  both  multiplier  and  mtiltiplicand 

are  negative)  will  be  transmitted  into  the  m  unit  of 
aceuiDulstor  13* 

12.17  A  GPP  passes  F*48  clearing  the  ring  to  stage  13 

opening  rates  D49,  K»50,  and  a"47.  **  CPP  passes  E*48 
to  reset  the  1  and  r  receivers,  a  CP?  passes  gate 
B"46  and  nsy  pass  B”47  and/^r  C"47  to  cause  the 
complement  corrections. 

13.17  The  program  ring  steps  to  stage  14.  CPP  pass  gates  D49 

and  K"50  to  set  the  flip-flops  E,  F49  K",  L"49. 

A  CPP  passes  ,':.te  a"47  to  be  tr'nsiitted  to  program 
the  product  c.llccti  n  (this  pulse  appears  at  terminal  F). 

The  CCG  may  pass  one  or  two  of  the  gates  B,D,F,  or  H  30 
to  cause  the  nultiplieond  and/or  the  multiplier  acctimulator 

to  clear. 


U.IO 
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CPP  pnss  gate  68  in  the  activated  transceiver  to  reset 
it  and  to  give  an  output  pregraa  pulse,  A  CPP  nay 
pass  unc  of  t!ic  gates  D*'  to  J"  47  to  fMrogram  the 
product  disposal.  The  prcgran  ring  steps  b.'ick  to  stage  1. 
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VI,  DIVIDES  AND  SQUABE-SOOIER 

The  divider  and  square^rooier  perforns  the  operalims  of  dividiBg 
and  square-rooting  ten  and  twenty  digit  nuBbere,  To  carry  out  these  operations 
lith  tea.  and  twenty  digit  nmbers  It  makes  use  of  four  and  seven  aecumulatorsy 
respectively.  Thus,  the  divider  and  square-rooter  unit  itself  is  essentially 
a  prograaning  circuit  which  controls  the  (deration  of  the  associated  aecumulatora. 

The  process  of  division  is  that  of  repeated  subtraction.  Thus,  the 
numerator  is  in  one  accumulator  and  the  denominator  in  another.  The  dentmdJiator 
is  subtracted  until  an  overdraft  occurs.  At  this  tine  the  numerator  is  shifted 

^  • 

(by  transmitting  to  a  shift  accumilator  and  transaitting  back  with  a  shifter  in 
the  digit  line).  Note  that  the  overdraft  was  not  corrected  as  in  sene  methods  of 
division  used  on  coiq>uting  machines.  Instead,  signs  are  changed  and  the  denon- 
Inator  is  alternately  subtracted  and  added  between  the  shifts.  The  quotient  Is 
built  up  by  the  divider  sending  *1  or  —1  Into  the  proper  decade  of  the  quotient 
accumulator  for  e2ieh  subtraction. 

The  process  of  square  rooting  is  likewise  acconplished  by  repeated 
subtractions  (the  quantity  subtracted  being  increased  by  two  each  time  in  the 
proper  decade).  The  number  to  be  square-  rooted  is  placed  in  the  numerator 
accumulator  mm*  the  numbers  to  be  subtracted  are  built  up  in  the  denooiinatar 
accumulator,  Kben  an  overdraft  occurs  the  number  in  the  numerator  accumulator 
is  shifted  (similar  to  the  shift  in  dividing)  and  certain  correotiona  are  made 
to  the  nimdK:r  in  the  denominator  accumulator  and  the  subtraction  proeeaa  ia 
repeated.  As  the  fn^ess  continue*  twice  the  square  root  is  built  up  in  the 


denominatco*  aucumilator. 
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6.0.  tKIRODOCTlCI 

DeacrSptua  of  the  divider  will  be  given  in  terns  of  the 
diagraa  FX>lO-304.  For  purposes  of  description  the  circuits  of  the  divider 
square-rooter  will  be  divided  an  follows; 

^')  Freer 3n  controls ■  The  program  control  circuits  consist  of  ci^it 
teansceivers  and  their  associated  switches ■  These  switches  and  their  purposes 
are  as  fhXlowsa 

a)  Nisaerator  receive  switcL,  During  the  first  addition  tiw 
of  the  division  this  switch  niajr  be  used  to  cause  the  numerator  accumulator  to 
receive  either  a  or  0. 

b)  Dcnoninctor  receive  switch*  During  the  first  addition  tins 
of  the  division  this  sw5.tch  be  used  to  cause  denominator  accumulator  to  re¬ 
ceive  on  a  or  0* 

clear 

c)  I.*m>;rat  o  r  swltdi*  At  the  end  of  the  division  or  root  process 

/V 

this  switch  may  be  to  cause  the  numerator  accumulator  to  clear* 

d)  Denocinator  clear  switch*  At  the  end  of  the  process  this 
may  be  used  to  cause  thi  denominator  accumulator  to  clear* 

e)  Interlock  switch*  This  switch  decides  whether  or  not  the 
interlodc  feature  is  used*  Suppose  this  switch  is  setting  on  !I1*  At  the  end 
of  the  division  or  root  process  the  various  flip-flops  and  rizigs  in  the  dividor 
SQuare-rooter  arc  cleared  and  an  output  program  pulse  is  transmitted*  If  this 
switch  is  on  I  then  this  clearing  process  and  output  pulse  docs  not  occur  until 
both  a  signal  is  received  on  one  of  the  interlock  inputs,  (upper  left  comer  of 
PX-10-304),  and  the  division  or  root  process  is  completed. 

f)  Answer  disposal  switch*  This  switch  is  connected  to  four 
receivers  and  thus  gives  four  possible  ways  of  disposing  of  the  answer  (that  is. 
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four  wajs  it  could  be  trenanltted)* 

g)  Rouiut^f  ewltch.  This  switch  decides  whether  the  answer 
to  the  division  or  the  square  rooting  process  be  rounded  off. 

h)  I&vision-Square  root  and  place  switch.  This  switch  detenuLnee 

shether  the  process  is  division  or  square  rooting  and  how  many  -p^.aees  are  used. 
There  is  a  choice  of  L,  ?•  8,  9«  10  places. 

2)  cofiSEon  programoing  eireuits.  'In  the  divider-square  rooter 

(as  in  other  units)  *he  coanon  progranning  circuits  cocqndse  all  of  the  circuits 
except  the  program  controls  (described  above)  and  the  numerical  circuits 
(described  Just  below). 

3)  Numerical  circuits.  The  numerical  eireuits  of  the  divider-square 

rooter  conin'ise  the  place  ring  and  its  associated  gatea  (lower  right  hand  comer 
of  FX-IO-31X),  the  pulse  gates  (Just  above  and  to  the  ri^  of  the  place  ring), 
and  the  "1”.  1^^  and  "<-2!*  receivers  which  open  these  gates. 

6.1.  FROGRMI  GOmOLS 

There  are  'jight  standard  transceivers  to  receive  the  InccDing  program 
pulses.  As  in  the  case  of  the  multiplier  the  incoming  program  pulse  is  imaediately 
retransmitted  to  cause  the  numerator  and  denominator  aocunulators  to  receive 
their  nuiid>ers  tithout  the  loss  of  tioB,  This  retrmsEissicn  takes  place  through 
buffers  located  on  a  separate  plug-in  unit  (there  are  two  such  plug— in  unite 
altogether)^  Two  such  buffers.  67  and  68.  ere  illustrated  in  the  lower  left 
comer  of  n-10-30U 

6.1.1.  Numerator  and  den^ainator  receive  switches 

The  buffers  67  and  68  (described  above)  feed  two  switches  located  on 
the  firont  panel,  namely,  the  numerator  and  denominator  receive  switches.  Each 
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of  these  switches  h&ve  three  settings^  fi  snd  0*  the  Touf  outputs  of  these 
two  switches  go  through  inverters  (B4,  Bg,  kUp-  and  Aj)  to  four  receivers  (located 
on  two  plug— in  units)  •  The  outputs  of  these  receivers  ccoe  to  output  ooclcets 
located  on  the  front  panc-l*  The  outputs  nay  be  conneci>ed  directly  tc>  the  roniion 
progrannirg  ciiTults  of  vhe  respective  accumulators  by  vme  of  a  np^ciii  inter- 
connector  esLIe  socti^V!  11.6.4*)« 

6.1*2.  The  nnriCTc:tDT  -aiid  jcgioninator  clear  switches 

The  wt'-.i-t  rf  '■n-2  of  the  buffers  63  (in  the  -ra.;sc.-5.v- ;*■)  noof  to  the 
r,ur^5:ator  x'.d  dt  nordrab  jt  clear  switches*  This  buffer  63  f»3S  '>r.  only  at  the 
end  of  t'*e  division  or  rooting  inrocess  (and  possibly  aft-et*  an  ini*!rlcek  signal) 
when  clearing  is  tekirg  place*  The  ou^ut  of  the  switrihes  (throe  outputs: 
nurerator,  den -ninaeor*  cr  both)  goes  to  inverters  "id  u-V?  ^d  thence  to 
g=t2s  J  eni  3.>9,  These  gates  pass  the  carry  clear  ga’ie  (CCG) 

f’rongh  1  iiive’^.^trs  ‘d.V  --rd/or  B47  sod  buffers  A46  and/or  B46*  This  signal 
goes  directly  ter  t.ira  c:.3rr"  tubes  in  the  ni-Clear  units  of  the  corresponding 
accunulators  (see  PIC  -J— ^7.*»  The  following  table  illustrates  what  happens 
with  the  vuriour  of  these  switches; 

TABLE  6-1 

Nun,  Clear  Denoa**  Clear  Effec* 

Switch  .Sivitch  (as  tube  63  tc;  o^oev.--’*  goes  op) 

0  3  Koiio 

Q  0  DA9  goes  off  and  gate  B2iS  passes  a  CCG  through 

the  inverter  B67  and  buffer  B46  to  the  clear 
tubes  in  the  numerator  accuoulator* 

0  C  Half  of  CA9  goes  off  snd  gate  A49  passes  a  CCG 

through  A47  and  A46  to  the  clear  tubes  of  the 
denoiainator  accumulator* 

C  C  The  other  half  of  C49  goes  off  and  gates  A4S 

and  E49  pass  CCG's  tlurough  A47  and  A46  in  one 
case  and  B47  and  B46  in  the  other* 
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6,1,3,  Interlock  Switch 

The  setting  cf  this  switch  deteriaines  whether  the  InLa^ock'  flntiire 
is  used  or  not.  If  this  switch  is  setting  at  "HI*  thd  bcfter  61  (in  the  tran^ 
ceiver)  causes  the  imrerter  £49  to  go  off  and  tbs  gate  |[49  t'l  op«i«  The  CFP«  s 
passed  here  turn  th*?  iovecter  1149  off*  Ttae  gate  H50  is  opened  at  the  end  of  the 
division  or  atpiare  rooting  process  and  the  CPP*s  fron  H49  a^  passed  to  provide 
the  clearing  aej^on. 

If  the  interlock  switch  is  setting  at  "I"  the  other  half  of  £69  is 
turned  off  and  148  is  open.  In  order  for  a  CPP  to  get  through  to  gate  H50  the 
flip-flop  Hf  J  48  oust  be  set  opening  gate  J49«  This  flip-'fl(9  is  set  only 
ehen  a  signal  arrives  orer  one  of  the  interlock  inputs  turning  oa  one  of  the 
buffers  F  46  to  48  or  G48.  (This  pulse  may  arrive  during  the  division  or  root 
process  or  even  before  it  starts). 

ThuSf  if  the  switch  is  set  on  "I"  the  clearing  signals  and  the  output 
program  pulse  are  not  provided  untlli  (1)  the  division  ar  square  rooting  process 
is  conplcted  and  the  control  ring  steps  down  to  stage  seven^  and  (2)  a  program 
signal  haa  arrived  over  one  of  the  interlock  input  teniinals  and  set  the  flip-flop 
H,  J48.  Note  that  the  interlock  fUp-flop  H,  J4B  is  not  reset  unless  the  program 
control  being  used  is  set  to  "I",  This  means  that  a  number  of  divisions  or  square 
roots  be  done  and  then  the  interlock  feature  be  used  at  the  end  even  though 
the  interlock  pulse  arrived  during  one  of  the  earlier  divisions. 

6*1»4*  Answer  disposal  switch 

This  switch  has  five  positions^  four  of  these  go  respectively  to  four 
receivers  and  the  fifth  is  an  "off”  position.  At  the  end  of  the  division  or 
square  rooting  process  (and  kftar  the  interlock  signal  has  arrived  if  the 
interlock  switch  is  at  "I")  the  buffer  63  (in  the  transceiver)  goca  on,  Thia 
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(depending  upon  the  setting  of  the  switch)  csuse  one  of  the  inverters  E46 
or  1^7  to  go  off  opening  one  of  the  gates  C  or  D  46  or  47»  CEP  |-“i — j  ^ 

(»e  of  these  gates  will  turn  the  corresponding  inverter  C  or  D  40  or  40  eCP 
■aetivatlng  the  corro^onding  receiver.  The  outputs  of  this  receiver  go  direetlj 
([vovlded  the  operator  comsets  thos}  to  the  comm  programing  circuits  of  the 
qwtient  accuDulator  or  to  the  denooinator  accumulator  depending  on  the  inters 
etmeetm  cable  used  (see  sectim  11.6.4*)  The  timing  of  the  qperatim  of  these  ■ 
circuits  is  cj7)lained  in  sections  6.4*l*and  6.4.2. 

6.I.5.  Round-off  Switch 

The  round-off  switch  is  a  double^ole,  double-throw  switch  which 
determines  whether  the  answer  is  to  be  rounded  off  or  not.  Gne  pole  of  the 
switch  operates  in  ease  of  division  and  the  other  in  case  of  square  rooting  and 
works  in  conjunction  with  me  deck  of  the  root-divide  and  place  switch.  The 
four  terminals  connect  to  four  inverters  (the  four  triodes  of  14  and  If)  whish 
in  turn  connect  to  the  gates  L3,  K3,  K4«  K5,  K6^  and  16.  These  gates  provide 
the  divisim  pulse  (DP)^  the  square  root  pulse  (SRP)^  and  the  round-off  pulse 
(*»>. 

Root-Divide  and  Place  Switch 

Of  the  two  decks  of  this  switch  mo  (the  one  m  the  right  on  FX-1XV304) 
determines  whether  the  process  is  to  be  divisim  or  square  rooting.  This  deck 
takes  the  output  of  buffer  61  in  the  transceiver  to  the  r«ind-off  switch  described 
•hove.  The  other  deck  determines  how  taanj  places  the  answer  is  to  contain.  This  • 
witch  handles  two  jobs.  This  means  that  the  number  of  places  used  in  a  divisim 
or  a  square  rooting  is  restricted  to  4#  7#  8*  9f  or  10. 


VI  -  7 


6^  TIE  GGUUON  PROOtAUUING  CIRCUITS 

The  eonnion  progracmlng  circuits^  Which  ecnstltute  most  of  the  didder, 
■ill  be  divided  into  sections  as  indicated  beloe*  This  subdivisioii  la  a 
me,  that  is  division  is  with  respect  to  the  purpose  of  the  partleela^  efadett 
aad  not  sith  respect  to  physical  loeatien.  To  a  m  extent  tliie 

division  is  indicated  on  the  block  diagsaa^  bj  the  spacing  between 

circuits*  The  subdivisions  sxvs 

a)  The  nnlae  source  circuit.'  This  circuit  centers  around  the  pulse 
source  flip-flop  E  4  and  5  located  to  the  right  of  the  program  control  circuits 
oLtbe  block  diagram*  The  circuit  extends  iq>  to  and  Including  the  gates  L3f  K3 
to  E6,  and  Lfr* 

b)  The  program  ring  circuits*  The  program  ring  is  located  on  the 
qper  left  portion  of  the  block  diagram*  This  circuit  includes  the  program 
ring  flip-flcp  A,  B  6  and  the  associated  gates* 

c)  The  sign  indication  circuit.  This  circuit  (located,  in  the  upper 
hand  corner  of  the  block  diagram)  includes  the  denominator  flip>flop«  the 

maerator  ring,  and  the  si^  indicating  matrix  (just  below). 

d)  The  over-draft  circuit.  This  circuit  determines  when  the  mmierator 
di3ii£es  sign,  that  is,  when  there  has  been  an  overdraft.  This  circuit  is  located 

at  the  top  center  of  the  block  diagram. 

e)  The  add-subtraet  circuit.  This  circuit  programs  the  trial  additions 

or  subtractions  and  is  located  dircetljr  under  the  nunerator  ring  and  the  si^i 
irJieation  circuit.  Its  left  hand  part  consists  of  the  receiver  and  the  Dy 
Qy  receivers.  The  right  hand  part  consists  of  the  Dg  and  receivers  end 
the  associated  gates,  inverters,  and  buffers* 
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t)  The  round-off  circuit.  The  rouiul>eff  circuit  is  located  praeticallj 
in  the  midst  of  the  add-subtraet  circuits*  It  consists  of  the  round-off  fli-jw 
flop  L  11  wd  12  and  the  associated  gates  and  inverters*  It  tnelude#  tlie  gatet 
ce,  BB,  ELJ,  and  F13* 

g)  ni8_^oot_eon|ectlMi_circi^^*  This  circuit  Id  essentially  the 
receiver  and  the  root  reset  lines* 

h)  The  shift  circuit.  The  shift  circuit  is  below  the  overdraft  circuit 
and  to  the  right  of  the  pulse  source  dreuit*  At  the  time  of  over^draft  it 
causes  the  mmibcr  in  the  numerator  accunulator  to  be  transmitted  to  the  shift 
aceiBulator  and  then  to  be  trananitted  back  ag^n*  A  shifter  is  used  on  the 
input  (a)  to  the  numerator  accumulator  so  that  the  number  is  shifted  one  place 

to  the  left  when  it  comes  back  fkxn  the  shift  accunulator.  The  shift  circuits 
coEsrise  the  and  receivers  and  their  associated  gates  and  in¬ 

verters* 

i)  The  clear  and  interlock  circuits.  The  clear  circuits  are  located- 
in  the  upper  left  hand  corner  of  PX-1(^3Q4  to  the  left  of  the  program  ring* 

These  circuits  determine  when  the  divisi<m  or  rooting  process  has  finished  and 
(depending  upon  the  setting  of  the  interlock  switch  of  an  activated  program 
control)  perhaps  when  some  other  sequence  of  computations  is  finished  (as 
indicated  by  the  output  program  pulse  of  that  sequence  arriving  over  one  of  the 
interlock  iiyiuts)  *  Since  a  division  or  root  process  is  of  unknown  length  this 
alless  the  operator  to  carry  on  other  con^utt-tions  simultaneously  and  then  to 
follow  with  another  sequence  of  computations  only  when  both  the  divisLcn  or 

root  process  and  the  other  sequence  are  completed* 

6*2*1*  The  pulse  source  circuits. 

The  pulse  source  fUp-flop  is  normally  in  a  state  which  causes  gates 


f4  «nd  F6  to  be  open*  The  fUf^flop  is  in  this  position  except  for  period  ITT 
(see  PX-lO-305  or  HC-10-306,  the  division  and  square  rooting  time  tables)*  Thus, 
d_ing  periods  I,  II,  and  IV  central  program  oulses  pass  gate  F4,  go  throu^  the 
inrerter  and  the  cathode  folloeers  G3  and  H4.  This  produces  a  general  pulse 
(GP)  ehieh  does  the  foUoeing  things 

(1)  goes  tc  gates  K6  and  Lb  to  produce  a  divisieir  poise  (ap>, 

(2)  goes  to  gates  L3  and  K3  to  produce  a  square  root  pulse  (SRP), 

r 

(3)  goes  to  gate  A?  to  clear  the  program  rli^, 

C4)  gpes  to  gate  67  to  set  the  program  ring  flip-flop^ 

(5)  goes  to  gate  09  to  produce  a  "P"  pulse  which  causes  an  add^ 
subtract  c/ele  to  take  place  (see  the  time  tables  FX<-KK3P3 
and  FX>10.306}, 

(6)  goes  to  gate  £9  to  cause  a  shift  ^le  to  take  place, 

(7)  goes  to  gate  CU  to  produce  a  root  reset  pulse, 

(8)  goes  to  gate  C9  to  produce  a  "P"  pulse  which  starts  another 
odd-subtraet  cycle  after  a  shift  cycle  is  completed,  and 

(9)  goes  to  gate  06  (top  of  drawing)  to  step  the  numerator  ring  and 
set  the  denominator  flip-flop  in  case  of  negative  siffis. 

The  gate  F6  passes  the  one-primed  pulse  and  during  a  shift  cycle 
this  pulse  passes  g^te  1*63  to  step  the  quotient  place  ring*  Using  the  I'P 
here  allows  extra  time  for  the  quotient  ring  to  step  and  set  up  its  array  of 
S^tes. 

Luring  period  III  the  flip-flop  £  4#  3  is  set*  This  opens  the  gate 
F5  and  the  central  program  pulses  pass  the  inverter  C5  and  the  cathode  follower 
A12  to  produce  a  third  period  pulse  (IlIP)*  This  third  period  pulse  does  the 
following  things: 
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goes  through  the  buffer  C12  and  the  inverter  D13  to  give  a  root 
reset  pulse, 

goes  to  the  gates  K4  and  K5  to  produce  a  round-off  pulse  (ROP), 
goes  through  the  buffer  and  inverter  A12  and  the  buffer  A13  to  tbs 
pulse  standardJ.zcr  of  the  progran  ring* 

The  pulse  89irce  flij^flop  is  set  during  a  shift  sequence  by  a  piilse 
passing  gate  E6«  This  gate  will  be  opened  hy  the  Inverter  DJO  going  off;  and 
this  is  caused  by  a  coincidence  between  the  setting  of  the  place  switdi  ani  the 
position  of  the  quotient  piece  ring  as  detected  by  one  of  the  gates  A  to  C  Al« 

A42,  or  AA3»  This  fUp-flop  is  reset  either  by  the  program  ring  reaching  stage 
seven  and  opening  gate  F3  to  pass  a  CFP  or  hj  a  Cl'  pulse  arriving  at  the  buffw 
F3  from  the  clear  circuits.  The  Cl*  pulse  resets  this  flip-fl(^  when  initially 
clearing  whereas  the  CPF  passing  £3  indicates  the  division  or  rooting  is  c<?nyl*t^ 
and  by  resetting  E4f  5  prevents  the  program  ring  from  stopping  until  A,  B,  C  Is 
reset  and  another  jnwgram  control  is  setlvsted. 

6.2,2,  The  program  ring  circuits. 

Normally  (after  initially  clearing)  the  program  ring  flip-flop  (A,  B  6) 
causes  the  gates  AlO  ard  all  to  be  <^n*  Thus,  as  the  po'oeess  of  division  or 
square  rooting  starts  tha  DP  pulses  or  the  SRP  pulses  pass  one  of  these  gates 
and  (going  through  the  inverter  A12  and  buffer  A13  to  the  pulse  standardiaer) 
step  the  program  ring.  In  two  addition  times  (see  section  6,A«1*)  the  program 
ring  will  step  to  stagu  one.  The  output  of  this  stage  opens  gates  A?  and  B7« 

A?  passes  a  general  pulse  (GP)  which  tums  off  the  invertor  A9  clearing  (tbs 
clear  signal  overrides  any  stepping  signal)  the  program  ring  back  to  stage  one. 

At  the  same  time  a  GP  passes  gate  B?  to  set  the  program  ring  flip-flop  (A,  B  6), 
This  closes  the  gates  AlO  and  All  preventing  the  division  pulses  (DP)  or  tbs 
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square  tooting  pulses  (S^)  frosi  stepping  the  prograa  ring  ^aln«  After  ttais  the 
pt^ram  ring  roiains  in  stage  one  until  the  third  period  pulse  (IIIP)  is  produced. 
Its  niP  will  then  caise  the*  ring  to  step  through  nil  nine  positions* 

The  posit i car;  o"  f.e  jrograa  ring  at  all  times  is  listed  in  the 
ditisior.  ard  rq'iar  ^  root3:ig  tiim-E  tables  PX-10^305  and  Fl-10-306.  The  rQllcs»> 
iag  table  gi**'os  thj  each  position  of  the  prograa  ringc 
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B  C-atr  is  opened  to  pass  a  general  Same  as  for  division* 

piO.>c  (C?>  throu^  the  inverter  D5 
to  tho  K1  and  B1  to  set  the 

mzs  ji  -  ter  binary  ring  and  the  denanH 
inator  1‘LLp-flop  in  ease  of  negative 
si^s, 

(1)  CpecE  gates  A7  and  B?  to  clear  I  (1)  Some  as  for 
ru'g  and  to  set  the  program  division* 
rinr  flip-flcp.  This  causes  the  ring 
'  c  C.J.B- X  CO  zero  and  remain  there 
oitil  period  III* 

(?)  Cp-rv  gate  B8  which  passes  a  (2)  Opens  gates  K8  and 

di'^l£i'..r.  pulse  (giving  a  P  pulse)  C7..  These  pass  square 

startint  first  add  or  subtract  r^o^ing  p'llses  (SRP) 
rvr'e  'TY  j  whi'-h  causo  ♦!  to  be 

nlased  in  the  denoedna' 
ter  accumulator  to 
atart  the  square  root 
process • 
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IAB1£  fCont»d.) 


i 


pBsi.tior  of 

Period  III 

prapran  riirg 

(•^®*ation  is  same  in  divisLon  cr  square”-  r'xtlng^ 

i 

B 

Oziu.xi  ^:ate  CB  to  pass  s  raond^-off  pulse  (ROP)  giving  a. 

f-  o'iise  which  starts  the  add  or  subtract  pr-‘'cao8. 

9^^  Is  opened  but  with  no  effect  since  general  pulses 

(G?;  *vre  cot  produced  in  this  polod,  | 

I 

Bo  effect  since  GP,  DP,  or  SRP  pulses  are  not  produced 

2 

tb:L£  ptjrlod. 

k 

5 

Oc  gate  to  pass  an  ROP  giving  a  reset  pulse  whidi 

MxTiiic.tes  the  add  or  suLtraci  process  started  above. 

6 

Cpsns  gate  J13  passing  an  ROP  through  the  inverter  KI3 
to  gate  K12.  In  case  of  no  over-di'aft  passes  this 

pulse  through  the  inverter  KU  into  the  round-off  circuits. 

7 

Opens  L  $0  which  passes  a  CPP  to  the  cleor  circuits  and 
opens  £3  resetting  the  pulse  source  flip-flop. 

t«2,3.  The  Siyn  Indicatioo  Circuit 

In  division  this  circuit  (which  consists  of  the  BI,  KT «  U4 

the  flip-flop  C  1  and  2,  the  binary  ring  U  2}  and  the  ma-'.  rix  of  gates  DI^ 

12,  £1,  E2)  detects  the  signs  of  the  nunerator  and  deooBinator  and, 

thuSf  deteraines  whether  the  dencninator  is  to  be  added  or  subtracted  and  whether 
*X  or  -1  is  to  be  put  into  the  quotient.  In  the  case  of  square  rooting^  after 
the  process  is  started  these  circuits  serve  exactly  the  same  purpose  as  la 
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^^*^®**»  fchafc  ftfter  sn  ov6X'-^lrart>  the  arithmetlcfil  process  Bust  be  ebsnged 
fWo  addition  to  subtraction  (cr  vice  versa)  and  the  sign  of  the  two* a  added 
in'.o  the  denc'aiJt>a'*.or  ac  ;Vian:39tor  mist  be  changed. 

In  peri-.’d  oi  t.ifs  jirocess  (division  siuarc  rcotinsi  tlte  gate  1)6 
Ilf  cpcTi^d  by  the,  pro-.a  a'j  ring  stuping  to  stage  B« 

If  the  den  is  negative  j  the  negative  ct-itio  ouT.put  of  the 

Pd-Clear  unit  of  the  dci.ioiExr^-tcr  accumulator  causes  gate  Pl  to  open.  If  the 
UBerator  is  negative  t..''  static  output  of  the  negative  stage  of  toe  Si  ring 
of  the  numerator  accumulator  causes  gate  K1  to  opena  Thus^  ohen  the  program 
ring  steps  to  stago  B  a  general  pulse  (GP)  passes'  gate  D6,  turns  the  inverter 
L:>  off  and  may  pass  gates  B1  and  K1  (depending  upon  the  signs  of  the  nuDerator 
and  denominator)  • 

Thus,  after  the  program  ring  has  reached  stage  B  there  are  four 
possible  situations  st,  illustrated  in  the  following  tVclo. 
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Kmerator 

Danc.uiii.i'.or 

SSen 

hetrix 
(•ate  on 

Htsult 

♦ 

♦ 

£1 

•  BIO,  G8,  E13  er .  c;-fcr.. 

BIO  passes  a  pui.se  v  eets  the  Dg 

receiver  causing'  th»-  n.r^.xilnjtor  to 
be  subtracted. 

♦ 

- 

D1 

BU,  H8,  F13  ar-i  c“^n  ar-'^.  djnciinator 
will  be  added. 

- 

♦ 

E2 

BU,  H3>  E13  open.. 

_  1 

D2 

BIO,  08,  £13  ar.'  opia 
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j  Note  that  the  arrengcaaent  of  the  gate  ti^es  in  circuit  la  not 

^  the  usual  plan  followed  elaewhcre  in  the  ENIAC.  Usuallj^  there  ia  an  Inverter 
I  between  two  gatee^  If  the  first  gate  tube  begins  to  conduct  it  causes  the 
^  inwertcr  to  go  off*  The  resulting  positive  si^ial  causes  the  second  gate  tube 
^  to  conduct  (assuming  the  other  control  grid  is  suffidcntlj  positive)*  Hera 
^  in  the  sigp  indication  circuit  (the  same  is  true  in  the  overdraft  circuit*  see 
j  section  6.2. A«)  there  is  no  inverter  between  the  gate  tubes*  The  plates  of  El 
j  and  D2  are  connected  to  one  control  grU.  of  the  gate  tiAcs  BU*  HB,  and  F13* 

I  Thus*  if  gatu  £1  or  D2  is  conducting  the  grids  of  the  three  gates  are  held 
i  below  cut-off  and  none  of  them  can  c<mducb»  Qb  the  other  hand*  if  neither 
I  El  and  02  are  conducting  then  their  plate  potential  is  relatively  hi^  and 
j  the  gates  BU*  H8*  and  F13  will  conduct  if  a  relatively  positive  si^ial  is 
applied  to  their  other  control  gdds* 

Note  that  the  denominator  flip-fl<^  is  changed  only  at  the  beginning 


of  the  process*  that  is*  it  does  not  change  its  state  during  the  proceas  of 
division  or  square  rooting*  On  the  other  hand*  the  nuwerator  ring  is  stepped 
at  the  start  for  negative  numerators  and*  in  aqy  case*  is  stepped  during  each 
shift  sequence*  At  the  end  of  the  process  the  clear  pulse  (Cl)  arrives  from 
the  clearing  circuits  and  resets  the  fllp-flc^  and  clears  the  nuserator  binary 
ring. 


The  over-draft  circuit 

The  over— draft  circuit  is  another  siatrix  of  gates  similar  to  that 
in  the  sign  indication  circuit*  This  matrix  is  fed  ^  the  output  of  the 
numerator  ring  and  by  the  static  outputs  of  the  III  ring  in  bhe  wanerator 
accumulator.  The  setting  of  the  numerator  ring  is  fixed  during  the  process  of 
addition  or  subtraetiem  (in  both  division  and  square  rooting)  and  its  setting 
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depends  upon  th«  ori^ixMl  si^i  of  the  nuaereter  and  the  iiiiil>er  of  shifts  ahieh 
liave  oceured*  When  the  III  sign  of  the  nunerator  ehangae  iiHUeating  so  ovei^ 
dnft  the  statlo  leads  to  the  overdraft  eireoit  change  their  potential 
a  different  gate  to  eondaet. 

As  explained  in  the  next  section  (6.2.5  •)  the  add-subtraet  ejncls  takes 

f 

teo  addition  tines.  Tbusj  there  is  a  full  addition  time  after  each  trial  addition 
or  subtraction  for  the  III  static  lines  f ron  the  nunerator  aceiasulstor  and  the 
ever-draft  circuits  to  set 

Thus,  the  si^  indication  circuits  reneaber  the  sign  of  the  deneninator 
If  the  denooiinator  flip-flop  (renains  unchanged  throughout  the  ehole  process) 
and  the  si^  of  the  numeratw  (by  the  nuDerator  binary  ring)  (changes  after 
eadt  over^-draft);  and  the  over-draft  circuit  detects  a  chaise  in  sign  of  the 
nuMrator  (or  radicand  in  ease  of  square  rooting). 

After  the  progran  ring  has  reached  stage  B  (in  period  I),  allonlng 
the  nunerator  ring  to  be  stepped  if  necessary,  gate  will  be  eondttd.lng  if 
the  ntanerator  is  positive. or  else  FI  in  ease  the  nunerator  is  negative.  Then 
gate  D12  is  closed  and  gate  Dll  is  open.  Gate  DU  being  open  leada  to  the 
production  of  a  pulse  P  which  causes  the  add-subtract  cycle  to  take  place.  Mien 
an  overdraft  occurs  F2  or  G1  is  conducting,  causing  gate  Dll  to  close  and  Dl2 
to  open.  This  leads  to  a  shift  sequence,  that  is  the  numeratw  is  sent  to 
the  shift  aecunulator  and  then  transmitted  back  through  a  shifter  which  noves 
it  one  place  to  the  left. 

6.2.5.  The  add- subtract  circuit 

The  add-subtract  circuit  consists  essentially  of  five  receivers  and 
their  associated  gates  and  inverters.  These  five  receivers  are  (1)  Dj^  whidi 
programs  the  denominator  accumulator  to  transmit  the  denominator  over  its  add 
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odtputf  ®g  irtiich  progrsas  the  dencolnator  aecuoulAtor  to  trananlt  the 
denoolnator  orer  the  subtract  output,  (3)  uhlch  program  the 
accunulator  to  receive  on  a  (this  receiver  is  on  the  gate  chassis  instsad  of 
on  a  plug-in  unit),  (4)  uhich  prograns  the  quotiertb  aceunul&tor  to  receive 
an  V$  nnd  (5)  Py  which  programs  the  denominator  to  receive  on  y.  Receiver 
Is  used  only  in  the  process  of  division  and  receiver  is  used  onlj  in  the 
process  of  square  rooting. 

At  the  start  of  an  add-subtraet  cycle  a  P  pulse  paye***  gate  BIO  or 

gate  BU,  tuns  off  the  inverter  B12  or  B13,  and  activates  the  0  or  the  D. 

5  ^ 

receiver,  respeetivelj.  These  receivers  are  reset  hj  a  si^al  from  the  buffer 
C5  or  the  gate  D4«  If  the  receiver  is  activated  the  fast  buffer  output 
from  a  cathode  follower  goes  (by  way  of  interconnecting  cables)  to  the  coeoam 
jrograniBing  circuits  of  the  denominator  accumulator  causing  that  accumulator 
to  tr’uiamit  over  its  subtract  output.  The  slow  output  of  the  Dg  receiver  goes 
throu^  the  inverter  CU  and  c^ns  the  gates  GU  and  G12.  The  receiver  Og 
operates  in  a  sisd-lar  sianner  causing  the  denominator  to  be  transmitted  over  the 
add  output  of  the  accusnilator  and  the  gates  HU  and  H12  to  be  opened. 

The  same  P  pulse  which  causes  the  or  receiver  to  be  activated 
also  activates  the  receiver  (C,  D  7*  E7#  F?#  D8).  The  cutput  of  the  cathode 
follower  F7  goes  to  the  oQoaon  programming  circuits  of  the  numerator  receiver 
and  causes  it  to  receive  on  a.  The  slow  output  goes  through  the  buffer  and  ii^ 
verier  £7  and  Id  to  <n>en  the  gates  L9  and  LIO. 

L9  or  LIO  pass  s^iare  root  pulses  (SRP)  or  division  pulses  (DP)  iddch 
act  the  Py  or  Qy  receivers,  respectively.  The  division  pulse  (DP)  which  passes 
LIO  to  set  the  Qy  receiver  also  passes  GU  or  Hll  to  sot  the  ♦!  or  the  •!  r^ 
celvers  in  the  nunerical  circuits  (see  section  6.3*)  Similarly,  the  process 
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of  square  rooting  the  SEIP  which  actlT&to9  the  Feeeiver’  eZee  paesea  or 
m2  to  set  the  ^2  or  the  -2  reeeimr.. 

the.  sloe  fauCTer  OKtpats  of  the  and  the  Q  reecivera  Join  and 
cMineet  to  the  grid  of  the  inverter  CIO.  Thus,  when  either  or  is  activated 
the  inverter  CIO  will  go  off,  the  buffer  E6  on,  and  the  inverter  P3  off  giving 
a  positive  si^al  to  the  gatea  DU  and  D12«  If  this  addition  or  subtraction  did 
not  produce  an  overdraft  gate  Dll  will  be  open,  the  inverter  DIO  will  go  off  open¬ 
ing  D9.  This  gate  passes  a  general  pulso  ((7)  producing  another  P  pulse  which 
starts  another  add-subtract  cycle.  If  there  has  been  an  overdraft  then  gate 
D12  conducts  starting  a  shift  cycle  (see  section  6.2 .8.) 

6,2.6.  The  round-off  circuit 

The  round-off  procedure  consists  of  subtracting  the  denondnator  fron 
the  nucierator  five  tines  (in  the  case  of  square  rooting,  twice  the  square  root 
is  subtracted  five  times  from  what  remains  of  the  radieand  in  the  numerator 
accumulator).  If  thwe-is  an  over-draft  nothing  is  done.  If  there  is  no  over¬ 
draft  then,  depending  upon  the  signs  and  whether  the  process  was  division  or 
square  rooting^  a  ♦!,  —1,  *2,  or  -2  is  added  to  the  quotient  or  to  the  denomina¬ 
tor  (twice  the  square  root). 

The  round— off  procedure  occurs  during  period  III  (see  FZ— 1{V30$  and 
PX-10-306)  which  is  inaugurated  by  coincidence  between  the  position  of  the 
quotient-place  ring  and  the  position  of  the  root-dlvide-places  switch  as  detected 
by  one  of  the  gates  A41,  B41,  CU.,  A4|2,  or  The  subtraction  (or  addition) 

is  started  by  a  round— off  pulse  (ROP)  being  gated  by  C8  when  the  program  ring 
is  at  stage  B,  This  activates  the  11^^  and  the  D^  r  Dg  receiver  (the  or  Dy 
»d  the  tl  or  12  receivers  are  not  activated  since  no  OP  or  SBP  pulses  are 
produced  in  period  III),  Since  general  pulsc-s  are  not  produced  in  this  period, 
the  Dj^  or  Dg  and  the  N  receivers  are  not  reset  until  the  ring  reaches  stage  5. 
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At  that  time  t  reset  signal  is  produced  by  an  POP  pulse  being  gated  by  D4. 
fhen  the  program  ring  reaches  stage  6  an.  BOF  pnise  is  gated  by  J13,  and  U 
there  has  been  no  o«er<-draft  this  pulse  is  passed  hf  gate  K12* 

The  dWidi  HJOti  fl^p^flap  raacaabers  whether  the  process  was  square 
rooting  or  division  and  accordingly  decides  whether  to  send  -1  or  •  2  and 
shcthcr  to  send  thos  to  the  denominator  accumulator  or  to  the  quotient  aecumula^ 
tor. 

In  ease  of  division  the  pulse  vrtiich  may  be  passed  by  gate  K12  passes 
gite  JIO  to  set  the  receiver  and  it  passes  gate  J8  to  activate  the  ♦!  or  the 
-1  receiver  (depending  upon  the  signs  this  pulse  may  pass  gate  G8  to  activate 
the  ^1  receiver  or  else  it  would  pass  the  gate  H8  to  set  the  -1  receiver). 

6,2,7*  The  root  correction  circuit 

In  the  process  of  square  rooting^  after  an  ovciv-draft  has  occurred 
it  is  necessary  to  correct  the  number  appearing  in  the  denoninator  accumulator* 
In  the  case  of  a  subtraction  cycle  the  number  being  subtracted  (that  is^  the 
nunber  in  the  denominator  acctaailator)  is  being  increased  by  two  each  time* 

After  an  over^draft  occurs  one  more  two  is  added  on^then  one  must  be  subtracted 
at  the  sane  place  and  another  one  oust  be  subtracted  in  the  next  place  to  the 
right*  If  it  is  an  addition  cycle,  then  two  is  being  subtracted  ft-os  the 
nunber  in  the  denominator  each  time,  and  after  the  over-dr?-^  one  more  two  is 
subtracted,  then  c»ie  is  added  on  end  another  one  added  in  the  next  place  to 
the  right* 

The  circuits  are  so  arranged  that  there  is  always  one  more  "two" 
added  or  subtracted  after  the  actual  over-draft  occurs*  The  root  correction 
circuits  take  care  of  the  adding  or  subtracting  the  "<aie"* 
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After  an  overdraft  occurs  a  general  pulse  (GP)  passes  gate  B9 
starting  the  shift  process,  setting  the  flip-flop  (ii,  F  10)  of  the  DJ,  caesiver* 
snd  passing  g^-tc  H9  •  r  G9  to  s^^t  the  ♦!  or  the  -1  receiver.  These  receivers 
fsair  'xtivated  f^T  teo  addition  ticca^  aiisee  the  ^oot  nset  sl^ial  is  not 
produced  until  the  !I'^  rec<siv«^r  is  set,  opening  gate  Cll,  The  quotient  place 
rir-g  is  r'utr-*'i:-.ic.'ll.v  stepped  Cby  gate  145  being  opened)  in  between,  so  that 
the  ricst  —1  into  one  place  in  the  anseer  and  the  next  cxie  goes  into  the 
2<3fc  pl?ce  to  th-j  rij’ht, 

6,2,8,  The  shift  c-Lreuit 

When  an  over-draft  occurs  gate  E9  is  opened.  This  passes  a  general 
p^c  (GP)  which  goes  through  the  inverter  F9  and  sets  the  H,  and  the  S  receivers. 
These  receivers  esusr  the  numerator  to  trana^t  on  add  and  clear,  and  the  shift 
aeeiEulator  to  receive  on  a.  The  slow  buffer  output  of  the  receiver  goes 
through  the  inverter  L8  to  three  gates.  One  of  these,  gates,  passes  a 
central  program  pulse  which  steps  the  nuaorator  ring  changing  the  si^  in  hhs 
siipi  indication  circuits  in  preparatiem  for  the  next  add-subtract  cycle, 
another  gate,  145 »  passes  a  1*  pulse  (1*P),  ceiaing  Atqb  gate  F6,  which  goes 
to  the  pulse  standardizsr  L-J,  H  and  thence  to  step  the  quotient  place  ring. 

The  third  gate,  K7,  passes  a  central  progran  pulse  which  activates  the  and 
the  i:»^  receivers.  These  receivers  cause  the  nianber  now  in  the  shift  accumulator 
to  be  transmitted  ^d  cleared  snd  received  by  the  numeraten*  accutsilator. 

The  sl'iw  buffer  output  of  the  N'^  receiver  gees  through  the  inverter 
CIO  tc  open  the  gates  C9  and  Cll,  C9  passes  a  general  pulse  (CP)  to  produce 
a  P  pulse  which  starts  the  next  add  or  subtract  cycle,  Cll  passes  a  general 
pulse  to  produce  a  root  reset  pulse  which  is  essential  to  reset  the  D*y  and  the 
♦1  or  -1  receivers  in  the  case  ^f  square  rooting.  In  the  ease  of  division  this 
circuit  is  not  used  since  division  pulses  are  passed  by  the  buffer  C12  to  pro- 
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jjufw  a  root  reset  pulse  each  addition  tisie* 

The  interlodc  and  clear  circuits 

These  circuits  consist  ot  three  flip-flops  and  associated  gates  and 
inrerters*  One  flip-flop  (H^  JiS)  reoenbers  uhether  the  interlock  dgnsl  has 
arrived  or  not  (the  interlodc  signal  is  the  output  prograa  f«r  t****  last 

operation  of  the  sequence  of  cooputations  which  goes  on  alDultaneously  with  the 
root  or  division  process)*  Another  flip-flop  (K,  J  50)  reDeid>ers  the  fact  that 
the  division  or  root  process  is  finished*  These  two  flip-flops  open  gates  J49 
and  H5O  which  pass  a  central  program  pulse  8eriall7  setting  the  flip-flop  F  50- 
Ihe  interlock  flip-flop  H,  J  iS  nay  be  by-passed  in  case  the  Interlock  switch  is 
set  at  "NI".  In  this  ease  the  CPF  passes  gate  instead  of  gate  J49*  The 
pulse  passed  by  H5O  resets  the  flip-flop  K,  J  50* 

The  output  of  flip-flop  G,  F  50  opens  gate  63  in  the  activated  trans¬ 
ceiver  and  gate  ri»9,  A  CPP  passes  gate  ?U9  and  the  inverter  £69  to  provide  the 
Cl'  pulse*  Thus^  CL*  is  a  positive  pulse*  In  some  places  a  negative  pulae  is 
needed  for  the  clearing  action  so  the  Cl*  pulse  goes  through  a  buffer  £68  to 
produce  the  Cl  pulse — a  negative  pulse* 

The  Cl*  pulse  does  the  following: 

(1)  May  pass  gate  L6S  (dep^ding  upon  the  position  of  the  correspond¬ 
ing  interlock  switch)  to  reset  the  interlock  flip-flop  J  68* 

(2)  Turns  on  the  buffer  AB  causing  the  program  ring  to  clear  back 

to  stage  A* 

(3)  Turns  on  the  buffer  £3  resetting  the  flip-flop  E  6«  5» 

(6)  Turns  on  the  buffer  CI3  producing  a  root  reset  pulse  which 

reacts  the  D  receiver  (E,  F  ID)  and  the  ♦!  and  -1  receivers. 

y 
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The  Cl  poise  does  the  foUcfwli^; 

(1)  Resets  the  flip-flop  G,  F  50. 

(2)  Resets  the  dmooinator  fll|Kflop  C 1,  2» 

(3)  Turns  off  the  inverter  K2  causing  t.h«»  Idnaty  to 

be  cleared. 

6.2.10.  The  Initial  clear 

The  initial  clear  gate  opens  gates  £$0  end  K48«  £50  passes  a  CFP 
to  the  inverter  £49  producing  the  Cl'  pulse  (see  above).  The  CL*  pulse  not  oolj 
passes  buffer  E48  to  produce  the  Cl  pulse  but  also  passes  gate  K43  to  reset  the 
interlock  flip-flop  H,  J  48.  The  action  of  the  Cl  and  Cl*  pulses  in  this  ease 
is  exactly  as  described  in  the  section  above. 

6.3.  NURERICaL  dRCUZTS 

The  numerical  circuits  comprise  the  quotient  place  ring  end  lie 
associated  gates,  the  Ll,  -1,  ♦2,  and  -2  receivers,  the  pulse  gates.  All  of 
these  circuits  are  located  on  the  lower  right  hand  comer  the  blodc  diagram 
n-10-3Q4. 

6.3.1.  The  quotient-place  ring 

The  quotient  place  ring  causes  the  -1  or  ^  ahidi  go  to  make  iqi  the 
quotient  or  the  square  root  to  arrive  in  the  proper  decade  of  the  quotient 
®r  denominator  accumulator.  Also  this  ring  causes  the  division  or  root  proeoes 
to  be  tenainated  when  the  proper  number  of  places  (as  determined  by  the  divide- 
root-plaee  switch,  see  section  6,1.6.)  in  the  answer  have  been  coopiited.  The  ^1 
wd  12  receivers,  open  combinations  of  gates  which  pass  groups  (of  the  1,  2,  2», 
Or  9  pulses)  of  pulses  which  represent  the  nund>er8  ♦!,  —1.  *2,  or 

The  static  output  of  each  stage  of  this  ring  goes  directly  to  one  gate 
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tidie  and  throu^  an  inverter  to  another  gate  tube.  Thus,  Bost  of  the  gate* 
eornacted  to  the  rian  are  pcrctlly  open  ?nrt  ^hose  coimectttd  via  the  ineertere 
IP  norarJl^  ci08‘-c,  TIjc  rirg  cl^s  r-  t;p  stag.^  one  (tube  29).  Then,  rjoniallj 
(aTtor  iaitialiy  c3c;ariri|:)  pate  vill  be  open  and  -U  cf  the  gates  B42  to 
U2  tU.1  cj  cp'®  ''•xcej.s,  K4.?*  As  th^  ring  steps  through  v?Ti9s:s  poslticms^  one 
ef  th?  g?‘tor  Ef3  "'O  r/3  is  Plvays  open,  and  aU.  except  one  of  the  gates  to 
I/i2  .'X8  condreting, 

In  ahe  .fc?lcwir.g  discussion  assume  that  the  quotUs*  place  ring  is  at 
air 73  1  f^nd  t*:;?  '5^R'':  xaera  the  receivers  ♦!,  -1,  ^2,  and  -2  era  each  t.etivated 
vill  be  discussed  in  saccession, 

(1)  ‘•‘1  receiver  is  activated.  This  causes  gate  I46  to  be  open 
passing  a  one  pulse  (IP)  through  the  inverter  and  buffer  sjstca  J45f  and 

Of  the  gate  tubes  6  to  IJ!»2  only  KA2  is  open.  Thus  the  «ie  pulse  passes 
this  gate  to  the  inverter  KlUt  and  appears  on  the  ninth  diannel  of  the  output 

(2)  -1  receiver  is  activated.  This  causes  gates  B(i5»  C  to  EltS  to 

be  opened.  Gate  G46  passes  the  nine  pulses  (9P)  through  the  luffer  and  inverter 
aysten  F45,  E45,  D45,  and  E45  to  the  gate  tubes  B  to  L  43.  Since  all  these 
gtte  tubes  except  K43  are  open  nine  pulses  appear  on  all.  channels  except  channel 
nine  (including  the  IV  chEimel).  The  gates  H  to  K  46  the  2P,  2'P,  and  the 
W*  through  the  buffer  and  inverter  syston  K45f  J45#  ^nd  H45  to  the  tubes 
B  to  L  42.  Since  only  K42  is  open  this  gives  eight  pulses  on  cbannol  nine.  The 
gate  Bt5  passes  the  1*P  directly  to  the  inverter  Bii4  of  channel  one.  Thus, 
before  the  1*P  arrives  the  quotient  has  received  the  timber 

1198999  99999. 


n  -  23 


tbe  X*P  arrlT^  the  aecvsnlatar  has  received  the  — 

1199000  00000» 
rspr^sAs  the  racher  -dOOO  00000. 

(3)  ^2  receistf  is  activated.  The  gate  is  opca.  This  gsts 
ra*52i  the  2P  to  the  tuffer  acd  isrerter  s/stea  sad  then  to  the  gates  E  to  L.42* 
Seu  SX2  cesses  these  p^zlsss  ijsto  chassel  nine. 

(i.)  >2  recelrer  is  actirated.  Sates  BC&  esd  G  to  E  47  are  opa>. 

X7  cesses  else  7ils=s  lats  the  SV.  chaccel  and  ttxoogh  the  gates  5  to  L  43 
acs^  LiJ.  Sates  =,  3cd  E47  ^&ss  the  IP^  2P,  end  the  i|F  te  give  serves  polsco 
rate  £l2  icto  the  clsth  ehsasel.  346  passes  the  I'?  into  the  first 
erazzel.  Sefere  the  I'r  arrives  the  desaBdes-tor  accusil&tor  tec»iTes 

li9W99  99999. 

aftsT  the  I'r  arrives  the  zezaeLz&tv  acc'jKlator  hes  received 


li9?000  00000, 

vhleh  r==resects  tbe  B3&t>=r  -figiTOO  COOOO. 

The  gti=tist  clsee  ring  is  stuped  ty  a  L*?  pftssieg  gat^  76  icd 
t^-te  ?t  is  except  is.  period  HI  (the  rrccd-Hcff  period)  «d  gat«  14$  is 


K<acd  3cee  each  Qcle. 

-r^  -jX  ii«o  perfens  a  secced  fa*' ?tios.  S^ppeoe 

■i-  tls^  svitcr:  is  set  at  ei^.  7t«i,  the  ‘sotiset  pi.^  ris«  reaches 
r.5£.  -«•-=:  'ther^  asy  fee  eigit  <a.rits  is  tbi  qictiact)  tfcc  gate  -ul  uedar 

•-he  T.^  shrstits)  sill  tirtlsg  tie  icrerter  t*A  <tff  qpeslcg 

nts  It.  Afia-  s.a>.S!ifetreot  sTcles  ©srreasiadis^  to  this  pcsitia.  of  tSs 

tlac^  rise 

=r  rtet.  the  =«t  shift  cTtl^  at  this  tise  th^-  of  gate 


fcsttiSi?  tee 


Ctlsv  sctrcft  Hit-flop  (X-a,  f),  - 
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ggU  F6  and  thus  the  quotient  place  ring  Is  stepped  no  farther,  esen 
the  shift  of  the  nunber  in  the  numerator  aecumilator  takes  place.  This  Beans 
tfcst  the  nud>er  vhieh  may  be  added  or  sub  racted  as  a  result  of  the  round  off 
procedure  is  put  in  this  same  place  (that  is,  in  three). 

6jL  EaiiPi:s 

The  fo}jLo:-lng  table  gives  the  setting  of  the  progran^earitroL  sultrier 
in  the  different  cjcurplcs: 


RiBcntor  receiver  switch 
RuBcrator  clear  switch 
CenoBinator  receive  switch 
Denooinator  clear  switch 
Intcrlodc  switch 
answer  disposal  switch 
Rmsid-off  switch 
Eoot-divide  place  switch 
6.4.1.  A  division  example 


X  £xauy>le  2 

a  a 


C 

0 

c 

I 
1 
RO 
D  e 


c 

0 

0 

HI 

1 

RO 
R  ID 


addition  and 
guise  tiae 

0.17 


Discussicp 

Program  pulse  arrives  at  buffers  67#  68# 

Thii  output  of  buffer  67  activates  the  D-  receiver. 

The  output  of  buffer  68  activates  the  receiver. 

The  output  of  buffer  69  activ' tes  the  transceiver  in  the 
divider;  The  output  of  the  cathode 
gato  *U.  One  of  the  buff  ere  61  gtvee  »  ei^ 
the  interlock  switch  to  open  the  g^te  U8,  W  otner 
buffer  61  gives  a  signal  through  the  root-divide  and  round¬ 
off  switch'^to  open  gates  K5  and  K6, 
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Addition  and 
jwilge  tine 

U 

to 

1.10 

UT 


2.17 

3.17 


4.17 

5.1 

5.17 

4.17 

7.17 


PiacuaBlen 

The  nmantor  and  denooinator  accunnilatara  are  receiving  the 
numerator  and  denominator,  (It  ia  asauaed  that  the  program 
pulae  which  aetivatea  the  divider  ia  uacd  to  eauae  the  trana* 
aiission  of  the  numerator  and  denoaiinatar  from  whatever 
contain  them* 

A  general  polae  (gated  CPP)  paasea  gate  K6  to  provide  the  firat 
division  pulse  (DP).  This  DP  passes  gate  AlO  to  step  the  progrw 
ring  to  stage  B.  The  output  of  stage  B  opens  gate  D6» 
this  time  the  IV  static  lines  from  the  nuBcrator  »md  (tMiwwit 
to  the  sign  indication  circuits  are  setting  tq>* 

Another  DP  steps  the  ring  to  stage  I  causing  gates  B8,  A7f  end 
B7  to  open,  A  general  pulse  (GP)  passes  gate  d6  which  may  or  maj 
not  step  the  numerator  ring  and/or  the  denominator  flip-flop 
depending  upon  the  si^u  of  the  respective  quantities, 

A  (H*  passes  gate  A7  clearing  the  program  ring  back  to  stage  A. 

A  GP  passes  gate  B7  setting  the  flip-flop  A,  B  6  closing  the  gates 
AlO  and  All,  A  DP  is  passed  b/  gate  B8  producing  a  first  P  pulse. 
This  P  pulse  activates  the  K  receiver  and  either  the  the 

Dg  receiver  (depending  upon  %he  signs).  Activating  the  N  re¬ 
ceiver  C'^uaes  gate  LIO  to  open.  Say  that  the  signs  cre  aliku 
then  the  Dg  receiver  will  be  set  and  thus  gate  opmod, 

A  passes  gate  LIO  and  activates  the  receiver  This  causes 
gates  Dll  and  D12  to  be  opened,  h  DP  passes  gate  GU  setting  the 
♦1  receiver,  a  GP  passes  the  buffer  C5  and  resets  the  and  the 
receivers. 

Gate  TJ|A  passes  a  one  pulse  (IP)  which  passes  gate  Kl|2  to  go 
into  the  ninth  decade  of  the  quotient  accumulator. 

A  DP  passes  the  buffer  C12  to  reset  the  ♦!  receiver.  The  O 
receiver  is  reset  by  a  CPP*  i^ssuming  there  has  been  no 
draft  gate  D9  passes  a  GP  to  produce  the  next  P  pulae.  This 
P  pulse  sets  the  and  the  Dg  receivers. 


Same  as  4«17* 

assuming  there  has  been  an  over-draft  the  gate  ^  ®  ® 

which  sets  the  N.  and  the  receivers.  This  causes  gates  U5, 

K7,  and  U.  to  be^opened. 

The  numerator  is  being  transmitted  to  the  shift  aecumuUtor, 


B.1 

to 

3.9 
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A  1*P  passes  gate  r6,  L45  and  steps  the  quotient  place  ring 
to  stage  2*  The  mmerator  accumulator  clears. 

8.17 

A  CPP  passes  gate  K7  activating  the  S.  and  N  receivers.  The 
activating  of  receiver  opens  the  ^te  C9,® 

9.17 

A  GP  passes  gate  C9  to  produce  a  P  pulse.  This  starts  an  add 
cycle  (since  the  numerator  ring  has  been  stepped).  That  is, 
this  P  pulse  activates  the  N  and  the  D  receiver.  Activating 
the  D^  receiver  causes  gate  Hll  to  be  opened. 

lDa7 

As  in  4,17  the  receiver  is  activated  and  a  OP  passes  gats 

HU  to  set  the  -1  receiver. 

0,10 

A  I'P  passes  gates  F6  and  143  to  st^  the  quotient  ring  to 
stage  7,  The  and  receivers  are  set.  Gate  A41  begins 
to  conduct  opening  gate  E6, 

e 

1.17 

Gate  C9  passes  a  GP  to  provide  a  P  pulse  whidi  activates  the 

Nq  and  the  Dg  receivers. 

2,17  M  DP  passes  gate  LIO  setting  the  Qy  receiver,  k  DP  passes  gate 

GU  setting  the  *1  receiver,  assuming  there  has  been  an  over^ 
draft  gate  D12  begins  to  conduct  opening  gate  B9« 


3.17  k  IP  resets  the  -1  receivers,  A  GP  passes  gate  E9  activating 

the  and  the  N  receivers.  This  pulse  froa  £9  passes  E6  to  set  , 
the  pulse  source^flip-flop  E  4*  Thus^  this  is  the  last 
addition  time  in  which  general  pulses  (CP)  and  therefore  division 
pulses  (ip)  are  produced,  as  before  the  output  of  the  S||^  re— 
ceiver  opens  gates  K7*  &nd  LI, 

4.10  Gate  F6  is  now  closed  so  no  1*P  is  passed, 

4.17  CPP*  s  pass  gates  K7  and  LI  to  set  the  S  and  the  N  receivers 
and  to  step  the  numerator  ring,  respectively,  a  CPP  passes 
gate  F5  to  produce  the  first  IIIP  pulst^.  This  IIIP  pulse  goes 
through  the  buffer  412  to  step  the  program  ring  te  stage  B. 

It  also  passes  gate  K5  to  produce  a  round-off  pulse  (ROP), 

An  ROP  pulse  (a  IIIP  gated  by  K5)  passes  gate  C8  to  ^«ce 
a  P  pulse  which  activates  the  and  D  receivers,  A  Ilff 
pulse  passes  the  buffer  A12  to  step  the  program  ring  to  stage  1. 


5.17 
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jetton  and 

u 

to 

6.9 

6a7 


7.17 

5.17 

9.17 


10.1 

to 

io.ia 

10^7 


11.17 


12,1 

to 

12.10 

12.17 


0.17 


DLaenaaiti 

The  deneninetor  is  added  to  the  mneretor. 


A  HIP  pulse  steps  the  prograD  ring  to  stage  2.  The  K_  and  D 
receivers  arc  not  reset  since  there  are  no  ff*a  to  oaeo  the  ^ 
buffer  C$. 

A  HIP  steps  the  iffograa  ring  to  stage  3^ 

{ 

A  HIP  steps  the  prograL^ring  €b  stage 

A  HIP  steps  the  prograa  ring  to  stage  5.  This  opens  the 
gate  DA. 

The  denooiinator  is  added  to  the  noaerator  for  the  fifth  tins. 
Suppose  that  this  does  not  produce  an  overdraft  in  wiieh  case 
gate  K12  remcins  open. 

AnRC^  pulse  passes  gate  DA  to  reset  the  and  the  Da  receivers. 
A  IHP  steps  the  program  ring  to  stage  6,  opening  gates  £3  and 
JI3. 

An  ROP  pulse  passes  gate  J13f  K12  (assuoing  there  was  no  over^ 
draft),  and  gates  J8  and  JIO.  The  output  of  JIO  sets  the 
receiver.  The  output  of  J8  is  passed  by  gate  F8  or  G8  de¬ 
pending  upon  the  signs  and  sets  the  ♦!  or  the  —1  receiver. 

A  IHP  steps  the  program  ring  to  stage  7« 

A  CPP  passes  £3  reset  the  pulse  source  flip-flop. 

♦1  or  -1  is  added  into  one  decade  of  the  quotient  accumulator. 


A  CPP  passes  FA  and  K6  to  jo'oduce  a  DP  idiieh  resets  the  ♦!  or 
the  -1  receiver. 

A  CPP  passes  L50  to  set>  ^be  flip— flop  K.  J  50» 


(Vfait  for  Interlock  pulae) 

Interlock  pulse  (program  output  pulse  of  ^ 

on  one  of  the  buffers  F  A6-AB  and  G48  setting  the  fUp-flop 

H,  J  AS. 
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^ti<»  and 

pJae  tiae 

i;i7 

(13,17)t 


2,10 

(U.10) 

2.17 

(U.17) 


-  Dlacusalon 


A  ca»P  passes  JA9  and  H50  to  set  the  flip-flop 
reset  K,  J  50.  FUp-flop  G,  F  50  causes  gate 
transceiver  to  open* 


G*  P  50  and 
62  in  the 


The.  ear^-clear  gate  passes  gates  AA8  and  A49 
at  terminals  on  the  front  panel* 


and  appears. 


A  CPP  passes  F49  to  produce  the  Cl  end  Cl*  pulsee. 

The  Cl*  pulse  does  the  foUoHlng 

(1)  passes  gate  U8  to  reset  J  48* 

(2)  passes  buffer  AS  to  clear  the  pyngf'ftini tig 

(3)  passes  buffer  P3  to  reset  the  pulse  source  Aip-fXop 
£  4,  5. 


(4) 


passes  buffer  C13  to  reset  the  D.,  receiver  (E,  FIO.  FU. 
EU,  E12)  and  the  ^1  receivers.  ^ 


The  Cl  pulse  does  the  following 

(1)  the  flip-flop  A,  B  6  to  reset, 

(2)  resets  the  denooinator  flip-flop  C  1«  2* 

(3)  turns  off  the  inverter  K2  clearing  the  nuaeratM* 


binary  ring* 

A  CPP  passes  gate  68  in  the  transceiver  resetting  it  and 
being  transmitted* 

A  CPP  parses  D46  to  activate  on?  of  the  answer  disposal 
transceivers. 


A  square  root  exaimle 

Additiwi  and 

£ulae  time  Discussion 

0»17  Program  pulse  arrives  at  buffers  67*  68*  and  69* 

The  output  of  buffer  68  activated  the  receiver*  and  the 
output  of  69  activates  the  tr?JiBCtivor  in  the  divider. 

The  output  of  the  cathode  follower  64  opens  the  gate  AA3* 
One  of  the  buffers  61  gives  a  signal  tlirough  the  interloek 
switch  to  open  the  gate  KA9*  The  other  buffer  6l  gives  a 
signal  through  the  root  divide  and  round-off  switch  to  open 
gates  K3  and  K4. 


•Send  this  tiae  if  interlock  signal  arrives  before  completion  of  division 

process. 
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Udltim  and 

pTM  tfae  Dlseuaaion 

U.  The  radieand  eceuimil&tor  (sane  as  numerator)  la  ree^vind 

to  the  number  to  be  square  rooted.  ^ 

UO 

1*17  GP  (*i  CPP  pisses  hj  gate  F4)  passes  gate  K3  to  produce  t.he 

first  square  root  pulse  (SRP),  This  SRP  passes  gate  All  to 
step  the  progria  ring  to  stage  B,  opening  gate  D6. 

2.17  Another  cniP  steps  the  program  ring  to  stage  1  causing  gates 
A?#  KCf  it.nd  G7  to  open.  A  GP  passes  D6  but  has  no  effect 
on  the  donorainator  flij^flop  sine 2  the  denostinatar  contains 
the  number  «>CaXO  00000  at  this  time.  If  the  radieand  were 
negative  i.hv*  binary  ring  could  be  stepped. 

3*17  An  SRP  pulse  passes  gates  K6  and  G?  setting  the  and  the  ♦! 

reeeiirers.  rospeetivelj.  ^ 

A  GP  passes  gate  A?  clearing  the  program  ring  back  to  stage  j.. 
A  GP  pas?&s  ga'rc  B7  setting  the  flip-flop  A,  B  6  causing  the 
gates  AlO  aid  \11  to  close. 

4.17  The  cut  put  of  the  By  receiver  passes  gate  Dll,  opens  gate  D9 
which  p-Llcws  a  GP  to  be  passed  producing  the  first  P  pulse. 
This  F  pulse  activates  the  N  and  the  D.  receivers  (since  the 
denoin.ii^t.or  consists  of  ♦!  in  a  certain  decade). 

3*1  The  in  the  denominator  is  subtracted  from  the  radieand. 

te 

$J0 

3*17  A  GP  resets  the  and  the  De  receivers  (from  buffer  C5)* 

An  SRP  passes  gate  L9  to  set  the  Dy  receiver  and  gate  G12 
to  activate  the  ^2  receiver. 

^•1  *2  is  added  into  the  denominstor  giving  3. 

to 

6.10 

6.17  H  CPP  resets  the  D  and  the  *2  receivers. 

jissuming  there  is  Xo  overdreft  gate  Dll  is  conducting  end  thus, 
D9  passes  a  GP  to  produce  the  next  P  pulse. 

7.17  An  SRP  activates  the  Diy  and  the  ^2  receivers. 

Assuming  there  is  an  over-draft  this  time  gate  D12  conducts 

opening  gate  E9. 

*•1?  H  OP  passes  gate  E9  “d  sets  the  S„  and  and  Dy  receivers, 

and  it  p'sses  gate  G9  to  set  the  -1  receiver. 
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W 

to 

9ja 

9^7 


1D.1 

to 

10.10 


( 


■“  ^  <l«><»lnator  aeoMUtar, 
tta  rjdlcaM  1.  tpmanltted  to  the  .hlft  acamiUt«r^^ 
*'P  etepa  the  quotient  ring.  •ee™u»OT. 

®«  «>'  ».  red"™  and 

passes  gate  LI  to  step  the  nunerator  ring*  * 

to  the  ♦«)  in  the  dcnooinator  aceiamilAtar 

The  radicand  is  tranaaitted  back  (thxx>ugh  a  shifter)  to  the 
numerator  aecuniulator«  ' 


A  GP  passes  gate  Cll  to  reset  the  and  the  -1  reeel^ra. 
A  GP  passes  gate  C9  to  produce  another  P  puldSe* 


0.10  A  1'  P  passes  gates  P6  and  145  to  step  the  quotient  ring  to 

stage  9^  causing  gate  A43  to  conduct  and,  thus,  opening  gate  E6« 

0.17  The  S  -  and  receivers  are  set  by  a  CFP  through  gate  K7» 

The  nunerator  binary  is  stepped  to  minus  (a  wdnua  radicand) 

1.17  A  GP  passes  gate  C9  to  produce  a  P  pulse.  This  pulse  activates 
the  Hd  and  the  0^  receivers* 

2.17  An  SRP  passes  gates  L9  and  G12  to  set  the  Dy  and  the  *2  receives, 
respectively.  Assuming  there  has  been  an  overdraft  gate  E9  opens. 

3.17  A  GP  passes  gate  E9  activating  the  %  and  the  receivers,  and 
passes  gate  E6  to  set  the  pulse  source  flip-flop  EA»  5*  Thus, 
this  is  the  last  addition  time  in  which  (?  pulse,  and  therefore, 
SRP  pulse  will  be  produced. 

4  Hfhat  happens  during  these  addition  times  is  esnctlj  a  r^etition 

to  of  what  happens  in  the  case  of  division  (explained  in  example  1). 


12,17  A  CPP  passes  gates  K49  and  H50  (opened  by  the  program  ring  being 

at  stage  7)  and  sets  the  fli|^flop  G,  F  50* 
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X3J:7  A  CPP  passes  gate  F49  producing  Cl  and  Cl*  pulses. 

The  Cl  pulse  resets  the  coincidence  flip-flop  F  50,  and 
clears  the  quotient  ring  and  the  numerator  ring* 

The  Cl*  pulse  clears  the  program  ring^  resets  the  piQss 
source  flip-flop  (E  4,  5),  and  insets  the  D  and  the  ♦!  and 
receivers.  ' 

The  Cl  pulse  resets  the  flip-flops  a,  B  6,  aid  C  1^  2* 

The  output  of  the  coincidence  flip-flop  causes  the  gate  62  in 
the  activated  transceiver  to  conduct^  whieh  in  turn  opens  the 
gates  BiiB,  one  of  the  gates  C46,  046,  I147»  or  E47  (for  ansser 
disposal)  f  and  gate  68  in  the  transceiver. 


U.10 


The  carry-clear  gate  passes  gate  B48  and  clears  the  msBerator 
accumulator. 


A  CFP  passes  gate  66  and  is  trananitted  as  an  output  program 
pulse.  • 

A  GPP  passes  gate  D46  and  activates  the  first  onsaer  disposal 
receiver. 


Vn  FUNLTlUi  TIBEE 


There  ere  tfa>e»  Chuetinr  tables  ia  the  BOAC)  each  stores  the  Tslues 
flf  a  Asietion  for  104  values  of  the  srsuaent.  Associated  with  each  fhnotioo 
table  is  a  portable  function  table  siqjporting  an  array  of  switches  on  which 
tbs  operator  can  set  the  walues  of  the  fhnetioDa  For  each  value  of  the  argunsiit 
the  portable  tabls  has  twelve  digit  switches  and  two  IV  switches  (thus,  the 
portable  table  has  1248  digit  switches  and  208  2V  switehes). 

Pane^.  #2  (the  right  hand  panel)  contains  eight  xaaater  digit  switches 
and  two  naster  FU  switchesa  These  are  for  setting  any  digits  (as  maiqr  as 
ei^)  that  are  the  same  for  all  values  of  the  argument.  The  HI  master  switches 
can  be  used  when  all  function  values  set  up  in  the  table  are  of  the  same  sign, 
caking  it  unnecessary  to  set  the  HI  switdies  of  the  table* 

Thus,  altogether,  for  each  value  ef  the  argument  there  are  twenty 
digits  (eight  of  which  are  the  same  for  all  arguments  and  twelve  of  which  can 
vary  from  argument  to  argument)  and  two  R!  signs  (detexnined  either  by  the 
caster  HI  switches  or  by  the  settings  of  the  various  HI  switches  on  the  portable 
table).  Thu  two  HI  signs  enable  the  operator  to  set  up  the  values  of  two  functions 
for  each  argument  allotting  the  twelve  variable  digits  and  the  eight  master  digits 
to  the  two  functions  in  any  manner*  This  allotting  of  digits  to  the  two  funetims 
requires  special  adapters  at  the  two  function  table  outputs  (see  Section  11.6a$.). 

Four  of  the  master  switches  (Aj^  to  A^^)  feed  lines  7  to  10  of  the 
k  output.  Vaster  switches  to  feed  channels  7  to  10  of  the  B  output.  The 
K!i  naster  switch  feeds  the  HI  channel  of  the  A  output  and  Hl2  master  switch 
feeds  the  FU  channel  of  output  B.  The  left  hand  six  columns  of  switches  on  the 
portable  table  feed  channels  1  to  6  of  the  A  output*  The  right  hand  six  eolinns 


of  switches  feed ;  the  lines  one  to  six  mi  the  B  output* 

If  one  desires  to  trananlt  anj  other  eesdilnatioB  of  these  ehaimelt 
Into  one  digit  trunk  then  the  epprc^jrlate  adapter  must  be  constructed  (see 
Seetirn  7«?  7  -  )  * 

The  f'lrctr’on  table  transoits  in  five  addition  tines  the  functional 
fdoe  (or  any  of  fcjr  neighboring  functional  values  depending  upon  ^e  setting 
of  the  arg'jF.&ni  switch— t'nis  is  for  Interpolation  purposes).  B7  using  the 
repeat  swit..!?  tho  fuiiction  table  may  transmit  the  functional  vdue  n  tines 
in  !:♦/,  addition  tines. 

7.0,  rrniowcTiOH 

In  th<^  unper  right  hand  comer  of  the  block  diagram  PX-7-304  aj^ar 
the  swltchc's  of  vho  portable  function  table.  In  the  upper  left  hand  comer  are 
the  units  and  tens  argunent  rings.  Betwecci  these  and  the  table  switches  are 
the  table  input  gates  or  table  selectors.  Below  the  argument  rings  (left 
center  of  the  diagram)  3  s  the  program  ring,  and  below  this,  two  program  con¬ 
trol  circuits  (there  are  nine  other  program  control  circuits)  are  illustrated, 
kt  the  bottom  center  of  the  diagram  are  the  pulse  gates  which  pass  cmafciaations 
of  the  1,  2,  2* ,  4,  and  9  pulses  to  nake  up  pulse  representations  of  the  digits 
0»  Ij  2,  9.  To  the  right  of  this  are  the  master  switches  (which  are  used 

to  s*.t  up  digits  i^iich  do  not  change  for  aU  104  values  of  the  arguiP3iit)  and  in 

the  right  hand  comer  are  the  transmitter  circuits. 

The  table  output  gates  and  all  circuits  below  them  (on  the  diagram) 
including  the  pulse  gates  ere  located  on  the  right  hand  panel  (panel  #2)  of  the 
function  table.  The  switches  (in  the  upper  right  comer)  are  on  the  portable 
unit.  AH  ether  circuits  (including  the  zings,  the  flip-flops,  and  the  program 
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control  dreuita)  are  located  on  the  left  hand  panel  (panel  #1)  of  the 
Auction  table. 

There  are  three  complete  function  tables.  Each  one  la  identical 
■ith  the  others  so  anything  said  in  the  foUceing  diacuaslon  applies  to 
three* 

For  purposes  of  discussion  the  circuits  of  the  fbnetlaii  table  are 
divided  into  three  types.  The  pregram  control  dreuits  oompriM  eleven 
tr&nseeivers  and  their  associated  switches.  The  connson  prograaptfifr  circuits 
cn:;alse  the  program  ring  and  its  associated  gates,  the  argument  flip-flop, 
the  subtract  flip-flop,  and  the  add  flip-flop.  The  balance  of  the  dreuita  make 
T9  the  numerical  circuits.  The  numerical  dreuita  include  the  argument  rings, 
the  table  input  gates,  the  portable  table,  the  table  output  gates,  the  pules 
gates,  the  constant  switches.  FU  master  switches,  delete  switches,  nbtraet 
pulse  switches,  and  the  output  trananittors. 

7.1.  THE  PROGRAM  CONTROL  CIRCUITS 

7.1.1.  The  Transceivers 

There  are  eleven  transceivers  located  in  the  #1  panel  of  the  function 
table.  These  are  standard,  that  is,  they  are  exactly  the  sane  as  those  used  in 
the  accumulators  most  other  units  of  the  BflAC. 

7.1.2.  The  Argument  Reception  Switch. 

The  buffer  which  feeds  this  switch  (that  is.  the  cathode  follower 

in  the  transceiver)  serves  two  functions,  namely^  to  control  the  traimdsdon 
of  the  argument  and  the  stepping  of  the  program  ring.  The  argunent  reception 
switch  has  throe  possible  settings  controlling  the  reception  of  the  arguaent 
from  some  other  unit  of  the  ENIAC.  Oh  all  three  settings  the  fast  buffer  out- 
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put  (tube  64)  of  a  tranaeelTer  goee  to  gates  D49,  £49,  or  P49,  one  of  which 
passes  central  program  pulses  which  step  the  program  ring.  If  the  switch  Of 
the  activated  program  control  circuit  is  set  on  NC,  a  central  program  pulse 
passed  by  gate  J48  (opened  by  stage  of  the  program  ring  so  that  J48  is  open 
at  the  beginning  of  the  program)  will  tjim  inverter  H4B  off,  and  pass  gate  HhS, 

The  pulse  will  then  go  throu^  the  transmitter  J-L  46,  »d  appear  on  tha  fzent 
panel  (tezninal  labeled  NC,  see  FX-7-302)  •  From  those-  It  can  be  taken  (via 
JiEpers  and  program  trays)  to  some  other  unit  of  the  B1I4C  to  program  the 
argument  transmission*  If  the  switch  were  set  at  C  the  action  would  be 
except  the  output  pulse  would  pass  gate  H47  end  be  transmitted  fsem  tha  tran^ 
sitter  J-L  47*  Siqiposedly,  the  NC  circuit  would  be  used  when  the  argument  is 
not  to  be  cleared  in  the  transmitting  accumulator,  and  C  is  to  be  us^  when  it 
is  to  be  cleared. 

These  circuits  are  emtroUed  by  the  fast  buffer  outputs  (tubes  64 
and  65)  of  the  transceivers.  Since  these  outputs  have  a  small  tine  constant 
the  input  circuits  to  the  gate  tubes  have  extra  capacity  purposely  added.  This 
delays  the  opening  of  these  gates;  keeping  then  from  opening  in  time  to  pass 
part  of  the  same  CPP  which  activated  the  transceiver. 

7.1.3.  The  Program  Switch. 

Deck  1  of  the  progran  switch  determines  whether  plus  or  minus  the 
Ihnctional  value  is  to  be  tran®ittcd.  When  set  on  A  (add),  and  a  program 
control  is  activated,  the  output  of  tube  61  in  the  transceiver  causes  tha 
imrcrter  E48  be  stop  conducting,  opening  the  gate  E47.  When  the  ring  is  in  stage 
*ero  this  gate  passes  a  pulse  which  sets  the  add  fliP“fl®P  (tubes  C46,  47)« 
the  progr*  miteh  1.  on  S,  then  in«rter  m  (the  other  trlode)  Hope  conduetta*, 
opening  gate  Eli6.  Then,  »hen  the  ring  i.  on  stage  icro  the  eubtraet  tUp-flop 
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47  !•  set.  The  tlmiiig  of  theae  qperationa  la  illuatrated  In  seetian 


7*2 


Deck  2  of  the  progran  awltdi  detmninea  nhether  the  funetleoal 


vchie  itaelf  or  one  of  the  four  neighboring  Taluea  la  to  be  tranaoltted.  If 
tin  reader  will  cheek  the  eonneetiona  fTon  the  argiment  ringa  to  tile  aeitdiea 
of  the  table  he  will  note  that  the  table  nmiber  la  exactly  two  leaa  than  the 
Bober  regiatered  In  the  argunent  ringa.  Thua,  if  z  denotea  the  argiaedt 
then  Doroally  the  function  table  eould  transnit  f(x<^)  •  The  nuaber  tranaitted 
and  the  eorrerponding  aetting  of  the  progran  awitch  ia  aa  foUoea: 


Progran  snitch  setting  Number  tranamitted  Nuaber  in  argaettt 

lings 

-2  * 

-1  f(»-l) 

0  t(x)  »2 

♦1  f(*»l)  »3 

'  *2  f(»»2)  *»4 

If  the  program  anitdk  ia  aet  at  ♦!,  for  example,  gates  1144  and  J4t 
•111  be  opened  by  the  output  of  the  buffer  6l  of  the  tranaceiwer.  Mmd  the 
program  ring  is  at  stage  -1  gate  £42  will  be  opened  and  three  pulaea  will  peas 
144  and  J44  through  the  inverter  £44  and  gate  £42  and  into  the  units  argiM^ 
rtng.  Thlo  changes  the  argument  from  x  to  and  the  function  table  wiU  nm 
tranamit  f  (x»l) ,  Note  that  stage  -1  of  the  program  ring  must  open  gate  £42  in 
tine  to  pass  a  IP.  Since  the  gate  is  phyaically  close  to  the  ring  there  ia  no 
difficulty  in  doing  this  with  the  usual  two  to  one  safety  factor. 
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7,1,4,  The  Repeat  Switch 

Ihia  SMiteh  detexniiies  hem  may  times  the  functional  value  is  trans* 
Bitted.  If  it  is  set  at  3  (es  illustrated)  the  functional  value  will  be  trans- 
■Itted  once  when  the  riag  is  set  at  stage  one,  again  at  stage  two,  and  the 
third  time  at  sta^  thrt.6.  The  output  of  stage  three  (which  la  ooi 
sill  go  through  turmifial  three  on  the  repeat  switch  and  open  gate  62  in  the 
transceiver.  This  causes  the  inverter  6$  to  go  off  and  opens  gate  68  giving 
an  output  progran  pu'u^s  at  the  end  of  this  addition  t-LTP,  The  oi^tput  of  the 
buffer  6>  ti  e  inr.erter  D4B  opening  gatrs  443,  348,  and  C48.  ^ese 

pass  eentraJ  orc^a'a  (CIT)  which  clear  all  three  r:.rg3  and  reset  all 

three  flip-flops. 

Thus,  ^<le  functionCil  table  will  transmit  a  functional  value  n  Maes 
in  n«4  addition  times  where  n  is  anj  number  between  one  and  nine.  Note  that 
the  accumulator  which  is  to  receive  the  function  must  be  programned  to  receive 
during  either  the  vdiole  n^4  addition  times,  or  during  the  last  n  of  the  n»4« 
Consequently,  if  it  is  programmed  similtaneously  with  the  functiem  table,  it 
can  receive  the  function  only  5  tiaes  using  a  single  transceiver.  hewever, 
it  cm  be  prograamed  4  addition  times  later  than  the  function  table,  the  set* 
ting  of  its  repeat  switch  can  be  the  same  as  that  of  the  function  table,  and 
the  function  table  can  transmit  to  it  the  full  9  tisMse. 

7.2.  THE  COUUOH  FfUXSAMLIING  ClBOniS 

7*2.1.  The  Program  Ring 

The  program  ring  is  a  thirteen  stage  ring  located  on  the  left  center 
•f  the  block  diagram.  The  foUowing  table  iUustrates  what  happens  at  each 
of  the  ring. 
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Addition  Ring 
Tioe  Stage 

0  -3 

1  -3 


Effect 

ft^gran  pulM  ia  received  at  a  transeeiver. 

At  pulse  tine  seventeen  of  this  addition  tine  the  ring 
steps  to  stage  -2,  and,  (depending  upon  the  setting  of 
the  progran  seiteh),  a  pulse  nay  be  ^anaeiitted  ly 
or  J-L  47,  Usually  the  pulne  trananitted  here  will 
be  used  to  progran  the  arguassat  trananisaicii  trim  acae 


2 


3 


4 


other  unit  of  the  BOAC. 

-2  The  buffer  K4B  will  go  on  turning  the  inverter  148  off, 
opening  the  gates  D42  and  H42}  aliening  the  argisaent 
to  be  received. 

— 1  Depending  upon  the  setting  of  the  prograa  switch  certain 

of  the  gates  F44  to  144  nay  have  been  opened.  Thus,  froo 
zero  to  four  pulses  are  passing  the  inverter  SEi4  and  at 
this  addition  tine  these  pass  the  gate  E42  and  enter  the 
units  argunent  ring.  Gate  F47  is  also  opened,  allowing 
a  1*  pulse  to  set  flip-flop  B46-B47t  this  flip-flop, 
through  buffer  A46,  turns  off  inverters  B1  to  U  and 
All,  in  turn  permits  one  of  the  table  ii^jut  gates  to 
conduct  and  energize  me  entry  of  table. 

0  The  output  of  the  zero  stage  opens  the  gate  G48.  At 
pulse  tine  seventeen  of  this  addition  tine  a  central 
progran  pulse  (CPP)  passes  this  gate,  turning  off  the 
invert jr  748.  Depending  upon  the  setting  of  the  program 
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switch,  eithGf  gate  E46,  or  EU7  U  open.  Thus,  the  outpiA 
of  the  inverter  P48  sets  either  the  add  or  the  subtract  flip- 
flop  causing  either  the  function  value  or  ninus  the  IWietianal 
walue  to  be  transmitted  daring  addltlen  tiiae  y  Cand  sabseqaeot 
addition  times  for  repeat  switch  settings  above 

1  Certain  of  the  pulse  gates  are  opened  during  this  addition 
tine,  and  the  functional  ralue  is  transmitted  over  the 
output  (SZ  and  ST  in  lower  right  hand  comer).  The  output 
of  stage  I  of  the  program  ring  connects  to  teminal  1  on 
all  the  repeat  swltehes. 

2  The  functional  value  is  tranositted  a  second  tins. 

3  The  functional  value  is  tranaidtted  for  the  thiM  time,  and 
(if  the  repeat  switch  is  set  on  three  as  illustrated)  gate 
62  is  opened  in  the  transceiver.  Then  buffer  63  turns  off 
inverter  048  opening  gates  A48,  BJ18,  and  C48#  causing  the 
rings  to  clear  and  the  flip-fl<98  to  be  reset. 


7*2«2.  The  Argument  FlitHflop 

The  argument  f Up-flop  B  46-47  i»  set  by  a  1*  pulse  passing  gste 
Tklm  This  gate  is  opened  when  the  program  ring  is  at  stage  -1.  3hen  the  flip- 
flop  is  set  it  turns  on  buffer  A47  which  turns  off  the  inverters  B1  to  LI  and 
k  11,  This  detemincs  the  time  at  which  one  of  the  table  input  gates  conducts. 
7.2,3,  The  Add  and  Subtract  FUp-floDS  and  the  Pulse  Gates 

The  following  table  gives  a  list  of  the  gates  opened  and  the  effect 
•hen  the  add  or  the  subtract  flip-flop  Is  set. 
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TABLE 


(haanel 

Add 

Subtraet 

Cj 

2'P 

4P 

9P 

IP 

2P 

2*P 

4P 

9P 

0 

* 

B 

* 

* 

0 

- 

- 

- 

- 

L<4 

9 

1 

vu 

B 

- 

- 

- 

1 

• 

M‘3 

- 

^  a 

2 

- 

B 

J*2 

- 

- 

2 

jt4 

J»1 

- 

J*3 

- 

7 

3 

H»4 

■ 

HP2 

- 

- 

3 

- 

H'l 

- 

H>3 

- 

6 

4 

- 

B 

• 

G*2 

- 

4 

G<4 

- 

C*3 

- 

5 

5 

F«4 

B 

- 

F*3 

- 

5 

- 

- 

H 

F*2 

- 

4 

6 

- 

E*1 

£13 

- 

6 

£14 

- 

£12 

B 

3 

7 

D<4 

D'l 

- 

D»3 

- 

7 

- 

- 

DI2 

B 

B 

2 

e 

- 

C«1 

C*2 

C*3 

- 

a 

C>4 

- 

B 

B 

I 

9 

- 

- 

- 

- 

B»4 

9 

- 

- 

- 

H 

H 

0 

The  outputs  of  the  pulse  gates  go  to  trananitting  circuits^  (anpli.* 
flers)  (tubes  B*  to  L»,  5  to  10),  The  outputs  of  these  trananitting  cireuitfl 
go  to  the  yarlous  table  output  gates^  the  zero-«ine  channels  go  to  the  P  and 
U  tenoinals  on  the  HI  master  snitches,  and  through  buffers  B'63  to  L»63  thej 
all  go  to  various  terminals  on  the  constant  snitches, 

7.2.A,  Use  of  the  Function  Table  for  Progrannlng  : 

The  function  table  can  be  used  to  obtain  program  pulses  on  any  of  as 
many  as  14  channels  when  a  particular  program  control  circuit  is  excited.  The 
elwiee  of  output  channel  is  controlled  by  any  two  digits  of  the  number  used  as 
an  argument,  and  registered  in  the  argument  accumulator. 
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To  aeeonplish  this,  an  adapter  nst  be  used  In  back  the  ftmctlon 
tJile  on  the  cjellng  unit  trunk.  This  adapter  (FX-4-U9)  adds  a  central  pro¬ 
gram  pulse  to  the  9P  Unea  of  the  fUneticn  table  panel  #2. 

RoMf  suppose  that  .all  the  switehesj  on  the  portable  table,  for  a 
particular  argument  are  set  to  one;  with  the  exception  of  one  switch,  lAdA 
IS  set  to  **nine* »  Bhenever  the  function  table  is  prograaned  and  the  appEopri.9te 
arguoent  is  stored  in  the  argusient  aecunulator  a  C?P  will  be  trensmitted  oeei* 
the  diaimel  corresponding  to  the  switch  which  was  set  to  "nine.” 

The  nine  pulse  lines  are  used  for  this  purpose  since  they  also  feed 
the  FU  switches.  Consequently,  the  portable  table  can  be  used  to  give  output 
pulses  on  any  of  fourteen  channels  (that  is,  twelve  digit  channels  and  two  IV 
channels). 

7.2.5  •  Initial  Clear 

The  initial  clear  gate  opens  gates  A48  to  (UiB,  The  output  of  CtS 
resets  the  argument  flip-flop  (B46-47)  and  the  add  and  subtract  flip-fliv 
(C46-47  and  D46-47).  Gates  A4S  and  848  operate  in  parallel  to  turn  off  three 
inverters  A49  to  C49.  A49  and  B49  in  parallel  cause  the  argiinent  rings  to 

clear.  C49  causes  the  program  ring  to  clear. 

If  the  buffer  63  in  any  transceiver  conducts,  (as  it  will  at  the  end 
of  an  operation  for  which  its  program  control  was  activated) ,  the  inverter  IX|8 
stops  conducting,  opening  the  gates  A48  to  C4B  giving  the  same  effect  as  the 
initial  clear  gate. 

7.3.  THE  tHlLSEICAL  CIRCUITS 


7.3.1.  The  Argument  Rings 

When  the  gates  DU  and  HU  sps  opened  (at  stage  -i  of  tho  progra. 
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ring)  the  two  digits  of  the  argument  arrive  over  ehaimel»  five  ad  six  of  the 
input  tenainal  and  going  through  the  pulse  stadasdiien  (M  and  A41,  B-C  42) 
step  the  units  and  tenx  ringar  to  the  proper  positloii.  hhen  the  program  ring 
reaches  stage  -1,  sere  to  four  poises  may-  be  passed  by  one  of  the  gates  F44  to 
144  through  gate  EZ|2^  to  step  the  units  ring  the  eorre spading  nunibor  of  positions. 
If  this  causes  the  units  ring  to  step  through  stage  nine  gate  442  will  be  opened 
te  pass  the  cany  over  pulse.  This  pulse  goes  through  the  inverter  and  buffer 
G42  and  steps  the  tens  ring  one  place,  Kote  that  the  tens  ring  has  eleven 
stages;  also  there  is  never  any  delayed  carry-over  problem.  The  argusent  will- 
never  exceed  nine  In  the  tens  place  but  the  carry  over  may  give  ten^  thus,  the 
extra  stage, 

V 

Consider  the  control  of  the  table  selectors  by  the  rings.  After 
clearing  (as  Illustrated)  the  rings  each  set  at  stage  sero.  This  causes  the 
invcirters  K2  and  K26  to  be  non-conducting.  Suppose  thst  a  program  control  is 
activated,  and  the  arguaent  1a  Then  when  the  argument  flip-flop  ia  set 

the  inverter  LI  conducts  raising  the  potential  of  both  grids  of  the  table  in¬ 
put  gate  (or  table  selector)  K12,  Incidentally,  one  control  grid  of  several 
other  teblo  input  gates  will  swing  positively  at  this  time,  (for  example, 
gates  K13,  K25,  and  KU,  and  others  not  illustrated),  but  since  the  other  grid 
raaains  below  cut-off,  (because  other  inverters  associated  with  the  tens  ring 
renain  on),  the  tubes  do  not  conduct,  A  similar  statement  is  true  for  the  _ 
gates  a  to  K  12, 

Thus,  when  the  program  ring  is  at  stage  -1,  one  of  the  table  Iniait 
gates  begins  to  conduct  and  one  of  the  horizontal  buses  of  the  portable  table 

has  a  neg^itive  swing  of  potential, 

the  Mtion  of  those  inserters  snd  gates  is  explained  in  sooie  detaU 

in  section  1,2,3,) 
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7.3,2.  The  Table  Input  Cataa 

There  IC4  table  input  gates  corresponding  to  the  argoDedb  salues 
of -2,  -1,  0.  1,  2,  7.00-  and  101,  This  gives  a  r&nfjc  of  argirieao  values 

of  0=  1.  i.,..  97  *h3  extra  values  on  each  ^fnd  for  p.irp.  see  of  1  itczpolatien. 

Of  the  tiro  cr^'-tr.-!  ciids  of  jach  gate  tube,  one  connect?  to  th.*  of  an 

inrart-jr  contrer.et  b/  th;^  proper  stage  of  the  usilis  tjtf  thr?  other  control 

yid  cornocts  to  tho  outputs  of  two  inverters;  one  cartre^U^'d  h7  the  tens  ring, 
and  uhe  oth^  by  th'j  ai’gjrifnt  fl2p>flep,  fii  order  foe  any  pr-rl-?su7ar  gate  tube 
to  conduct  all  three  inverters  oust  be  non-conducting.  Thus,  even  tl^cui;^*  the 
argiment  arrives  In  the  rings  earlier,  none  of  tho  table  iiymt  g^tes  conduct 
until  the  argisnent  flip-flop  is  set  at  stage  -1  of  the  progr&oi  ring.  Mote  that 
this  flip-flop  is  sot  by  a  one  priacd  pulse  (l*P),  The  timing  here  is  iilim- 
tr&ted  by  tablm 

tamj:  u 


iT *:•; .1  a, jTing  pulse-  arrives  at  tii-_  function  telle. 


nx-  jr.y-it  transnission  is  piOi^rarsaad  a-'d  receiving,  gates  _ 
%2)  arc  opened,  _ _ ~ 


li'  ^^rfsTi  ring  stops  to  stage  —1  '^onvig  gates  E42  and  F47* 


i.l',jLir'j'.t  adjustment  takes  pl^co  oy  C,  2,  3#  or  4  pulses 
pcariTAg  gate  £42, 

Arguaent  flip-flop  is  set  by  I'P. 

Pro/Tram  ring  steps  to  stage  0  pp«anlng  gate  G48, 

"Sblraa  ring  steps  to  stage  1  opining  gate  ^  in  the  tran^ 
ceiver  (provided  the  repeat  switch  is  at  one)  and  a  central 
Drozrnm  pulse  passes  gate  G48  lo  ed  Ibe  add  or  the  sub¬ 
tract  flip-flop. 
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f yia  Port  able  Table 

The  portable  tadle  is  a  siltehlii^netiiork  built  as  a  separate  wit, 
end  connects  to  the  fimeUw  table  unit  through  two  IBI  type  plugs.  Since  the 
portable  table  is  on  i^ieels,  the  operator  may  q-iackly  interchange  it  with  one 
connected  to  any  other  Amctioa  table. 

Each  portable  tU)le  aounts  20S  M  (sign)  indication  switches  (two  for 
each  argument  value)  and  12(i8  digit  switches  (12  for  each  argisBent  value).  There 
are  104  fU  switches  end  624  digit  switches  on  each  side  of  tiie  portable  table. 
7.3*4*  Table  (hitput  Cates 

The  nine  t@nsinal  on  each  cf  the  104  switches  in  the  sixth  colum  of 
the  portable  table  connects  to  the  inserter  B’U.  The  output  of  this  inverter 
goes  to  the  gate  B*12,  whidi  opened  will  pass  either  nine  or  sero  (no) 
pulses  depending  on  whether  the  associated  program  control  is  on  add,  or  sul^ 
tract  progrw  respectively. 

The  ten  positions  of  the  switches  in  each  colwn  go  to  ton  inverters. 
Itch  output  froDi  the  ten  ixzverters  goes  to  one  grid  of  ten  gates,  the  other 

grids  being  fed  by  the  pulse  ^tes. 

Thus,  if  horizontal  bus  11  is  energized  and  the  sixth  coluiin  digit 
switch  is  at  7  (as  illustrated)  the  inverter  D»ll  will  cease  conducting  and 
the  gate  D*  12  open.  This  gate  will  then  pass  7  or  2  pulses  depending 
upon  the  setting  of  the  areument  switch  of  the  associated  program  control  cir¬ 
cuit. 

There  arc  120  inverters  end  120  output  gates  on  the  digit  channels. 

The  two  Pll  channels  feed  foia-  more  inverters  and  gates  (C»  to  K»  61). 

The  outputs  of  the  digit  s^^cs  (l?beled  AJ  to  hIO,  and  B5  to  BID) 
go  through  inverters  and  buffers  to  trananitters,  (these  transmitters  use  a 
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in  pUce  of  the  6V6)  and  then  to  teininala  SZ  and  ST*  Ae  oatfNiU 

of  the  ni  gatea  go  to^the  IV  naater  ewitehes  and  III2  vlth  the 

i  and  the  B  outputs  reapectieelj). 

« 

7J.$.  As  ni  Master  itches 

As  Rl  master  sultches  make  it  possible  to  detemiim  the  si^ 
for  all  the  table  entries  at  once  instead  of  setting  the  IndLsldul  HI 
on  the  portable  funeticm  tables.  This  is  uaefbl  onl^  if  sil  cntxies  ere  of  tbs 
ease  si^. 

Aere  is  a  Fll  master  switch  associated  with  each  output  (SI  sad  Sl)» 
These  switches  detawdne  the  sign  indication  trananitted  on  the  channel  of  thi 


respective  outputs.  Each  switch  has  three  settings,  Table,  P,  and  M.  As 
following  table  gives  results  of  various .  settings  of  these  switches. 


Vaster  switch 
setting 

P 

H 

Tsble 


Pulses  transmitted  over  the  HI  channel 
Add  flip-flop  set  Subtract  nip-flep  set 


0 

9 


9 

O 


0  or  9  depending  upon  the  setting  of  the  corres¬ 
ponding  HI  switch  on  the  portable  table. 


7i3«6  Ae  constant  switches  and  the  delete  switches 

There  are  eight  constant  switches,  four  associated  with  each  of  the 
outputs  SZ  and  St.  If  the  first  few  digits  of  a  function  are  the  sane  for  aU 
arguments  used,  these  swlbehes  slmpUfy  the  procedure  for  setting  vp  the  talues 
of  the  function.  Therefore,  when  sone  program  coidrol  is  activated  the 
■et  on  these  constant  switebes  (or  coopleoients)  will  be  tranrtltted  otei 
corresponding  channels  regardless  of  tKfc  value  of  the  argia"*t. 

Ae  outputs  of  the  transmitters  associated  with  the  pulse  pies 
cones  through  buffers  B*63  to  L*63  to  ten  of  the  positions  on  each  of 


the 
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0fitehe8«  other  tenuinals  on  each  of  these  snitches  sake  available  the 
autputa  of  the  two  FU  master  switches  here*  This  is  to  help  provide  ths 
^•eper  complements* 

The  delete  switches  are  provided  on  each  of  these  channels  in  case 

the  curator  desires  to  transmit  nothing  on  one  or  more  channels* 

7.3,7*  The  Sabtrset  Pulse  Switches 

Since  the  complementation  provided  b7  the  add  or  subtract  flip  finps 

and  pulse  gates  gives  conplcmcnts  with  respect  to  10^  ^1*  It  Is  necessary  to 

provide  a  correction  pulse  to  get  complements  rlth  respect  to  loF^.  The  oorreet 

pulse  switches  enable  the  <9erator  to  provide  this  correction  pulse  in  any  of 

six  channels  on  each  output*  namely*  A5  to  AID  and  B5  to  BIO* 

The  outpot  of  the  subtract  fllp>flop  ^cs  through  the  Inverter  1U|5 

to  the  gates  A*  64*  The  1*P  is  passed  by  these  gates  through  the  inverter  A*  63 

to  the  buffers  A*6l*  A*62  to  1*62* 

These  subtract  pulse  switches  enable  the  operator  to  divide  the  12 

variable  digits  set  up  on  the  portable  table  into  arbitrary  groups  and  cause 

n 

each  group  to  give  complements  with  respoct  to  10  * 

7.3.6*  The  output  transmitters 

The  outputs  of  the  constant  switches  go  through  the  delete  switches 
mrectl^  to  tranomltters.  The  outputs  of  the  tabic  outpot  gates  go  through  sn 
Ineerter  and  a  huffor  to  transmitters,  ftioclal  adapters  can  be  essUy  built 
to  rearrange  the  outputs  and  allou  transmission  onto  a  alngU  digit  trunk. 

If  the  operator  deslrea,  for  example,  to  set  up  a  ten  digit  function 
on  the  table  and  his  function  is  such  that  the  constant  ssltchcs  esnnot  bo 
used  then  six  of  the  digits  can  be  obtained  from  channels  A5  to  AlO.  The  other 
four  must  cose  from  four  of  the  channolo  B5  to  BIO  and  a  special  «iaptor  must 
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^  used  to  get  these  ten  digits  onto  one  digit  tnink*  ' 

7,3.9.  Adapters 

In  desigRlng  an  adapter  for  use  on  the  Ametlon  table  outputs  there 
its  two  points  to  watch*  Firsts  the  function  table  outputs  (whidi  arc  to  be 
■sed)  arc  connected  in  a  one—tcMmc  manner  to  terminals  corresponding  to  the 
tnmk  lines  to  be  used*  Secondly,  if  negative  msnbers  are  to  be  transmitted, 
then  cny  unused  linos,  ccrrespmiding  to  aecum^ator  decades  between  the  HI 
unit  Hnd  the  first  decode  used,  oust  carry  9  pulses  in  order  to  give  the  proper 
eofnplaiionts  •  This  second  objective  eon  be  aecaii;>li^ed  by  connecting  the  out* 
puts  of  some  of  the  master  digit  switches  (A,  to  or  B,  to  B^)  to  the  corres¬ 
ponding  lines*  The  and  IV2  positions  of  the  master  switches  provides  9 
pulses  ’t  the  premier  times* 

If  for  any  reason  the  master  digit  switches  cannot  be  used  for  this 
purpose  the  adapter  can  be  made  to  transmit  the  nu^er  onto  the  trunk  using 
only  ehrnnels  adjacent  to  the  H2  line  (line  11)*  In  this  came  a  shifter  can 
be  used  on  the  input  to  the  aecuraolator*  The  shifter  provides  ter  the  extra 
"ni!V;s"  n.oded  for  ecsyilcmenting  purposes  (see  secti«i  1I*3.) 
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vm.  THE  OOSSTANT  XRANaHTIER  AND  131 

th»  oonM^nt  trwianitter  storea  eighty  digits  on  relays  and  timty 
digits  on  cmstant  set  awltehes*  Rrovlalon  la  made  for  twenty  ni  signs,  slxte«i 
issoeiated  with  the  nuobers  stored  on  relays  and  four  associated  with  the  nsnbers 
let  on  the  switches •  (hie  of  these  HI  signs  la  associated  with  each  five  digits. 
ItaiB,  the  constant  transmitter  can  store  twenty  five-digit  nudiers  and  their 
'  proper  signs,  ft'ovislon  is  made  te  associate  certain  groups  in  pairs  to  fom 
ten  digit  nunbers.  In  (me  addition  time  the  constant  transmitter  can  tranaslt 
to  Booe  ether  unit  of  the  ENIAC  any  group  of  five  or  certain  groups  of  ten  digits 
and  the  associated  si^. 

Whenever  it  is  desired  to  set  up  new  constants  on  the  relays  la  the 
constant  transmitter,  the  m  reader  must  be  programaed  to  read  a  new  eard.  This 
does  not  change  the  digits  set  on  the  constant  set  switeheap  these  have  to  be 
changed  manually. 

The  reader  ccn^iletely  reads  a  card  and  stores  the  infomatloo  (m  relays 
In  the  constant  transmitter  in  O.A8  seconds.  After  about  0.3  seconds  the  start¬ 
ing  circuits  of  the  tni  reader  are  reset  and  will  be  able  to  remendw  a  second 
signal  to  read  (generally  this  fact  Is  insipiificant  since  computations  eannat 
be  started  until  the  initial  data  is  read  into  the  constant  transmitter  and, 

•Iso,  there  is  no  program  output  from  the  reader  to  start  any  computation  untU 
the  end  of  the  reading  cycle).  If  in  some  manner  it  is  arranged  to  program  the 
next  reading  of  a  eard  before  the  first  cycle  is  completed  (this  must  not  occur 
before  aay  0.4  seconds  after  the  initial  reed  program  and  tWe  only  allows  a 
33fk  safety  factor)  then,  due  to  the  clutch  not  dropping  out,  the  reader  wiU 


Ksd  a  card  in  0.36  soeomds. 
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Thus,  the  reader  can  read  normally  aa  many  as  125  cards  per 
Bot  allowing  for  any  computations  in  between.  On  the  other  hai^,  since  each 
IBI  tise  unit  corresponds  to  about  I70  addition  tines,  and  there  Is  aa  internal 
ef  about  1»2  units  between  the  finish  pulse  and  the  dcf^fdng  of  the 
eaa  contact,  it  seems  that  even  thou^  the  output  of  the  reader  is  used  to  r^ 
laugm  tbs  reodcr  that  this  sasie  pulse  can  be  used  to  cause  transniissionB  from 
the  constant  transmitter  safely  (safety  factw  -  2:1).  During  the  period  of 
IDO  addition  tines  after  this  pulse,  numbers  could  be  transmitted  trea  the  eon> 
itsnt  transmitter.  By  the  device  mentioned  above  the  speed  of  reading  can  ba 
Increased  to  as  nuch  as  160  cards  per  minute. 

The  description  given  here  will  be  in  terms  of  the  following  diagrams: 
1)  Constant  Trananitter  Cross  Section  PX-11-116,  2)  Constant  TranMitter 
Block  Dlegram  IX-11-307,  3)  Constant  Transmitter  and  Header  Cross  section, 
end  4)  IBI  Reader  Diagram  PZ-ll-U?*  The  discussion  will  be  divided  up  into 
the.follo»4ng  seetionsr  1)  Constant  transmitter  program  controls,  2)  IBI 
Rader  program  controls',  3)  Huacrical  circuits  of  the  constant  trananitter, 

4)  IBI  reader,  and  5)  £xaq>len. 

^.1«  CONSTANT  TRANSUITTfR  mOQUU  CONTROLS 

s 

B*l.l.  The  groups  of  nusbers 

As  Indicated  above  the  constant  transmitter  stores  twenty  five-digit 
n^rs  and  as  many  as  twenty  HI  sipis.  These  are  divided  into  five-digit 
ffoups  called  A^,  Ajj,  Hjj,  Jri  K^,  and  Kr»  The  first  six¬ 

teen  groups  Aj^  to  are  read  from  IBI  cards  vhile  the  last  four  groups  Jj^  to 
are  sH  on  tho  constant  set  switches* 
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tranBcei^Bra 

There  are  thirty  tranaceleera  in  the  eonataot  trennitter.  These 
are  associated  in  greups  at  six.  The  first  six  transceisers  eontrol  the  first 
four  digit  groups  of  nusbers  Aj,  to  The  next  si*  emtitrl  the  groups 

to  Vfi,  ct  cetera.  FinaUj,  the  last  six  transceivers  eontrol  the  groiqw  to 
^  rideh  can  he  set  <m  the  constant  set  switches  (see  panel  two  of  gwurfawfe 
traosmitterf  n-lX*303)* 

Two  transeeiwers  of  a  grrap  of  six  are  illustrated  on  IT-lI-307. 

Hiese  arc  for  prograns  maabered  one  to  six  and  eontrol  the  first  four  five-digit 
grci^)s  of  nusbers.  The  output  the  cathode  follower  (tube  64,  see  FZ-5<-30) 
of  each  transceiver  eofuieets  to  two  decks  of  the  associated  eanstant  selector 
stitch.  The  cathode  follower  is  usjd  to  drive  the  switch  boeeuse  fast  operation 
tf  the  circuit  is  required  to  sudee  possible  transmission  of  a  constant  ihiring 
the  addition  time  following  the  addition  time  in  which  the  pro^raa  pulse  is 
received.  The  other  outputs  of  the  transceiver  are  unused. 

B.1.3.  The  ProcreB  Control  Circuits 

Associated  with  the  relays  of  groups  one  to  four  (UJewise  for  five 
to  eight,  nine  to  twelve,  and  thirteen  to  sixteen)  there  are  eighty-ei^  gate 
tubes.  In  each  groiq>  there  are  four  gate  tubes  for  each  of  the  five  digits 
(&s  the  1,  2,  2* ,  and  4  coded  system  is  used  to  fom  the  digits)  and  two  gates 
associated  with  the  Hi  indication.  There  are  six  constant  selector  switches 
associated  with  each  such  set  of  88  gate  tubes  (switches  one  to  six  with  groups 
one  to  four,  for  cxas^le).  The  output  terminals  of  these  switches  go  directly  to 

the  grids  of  the  gate  tubes. 

Switches  25  to  30  ?-re  jissoeiated  with  the  g»tea  controll«l  by  the 
set  sxitehes  on  pmcl  two  of  the  constent  tr-Jisoltter.  there  arc  onlj 
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gate*  associated  with  these  switches  since  the  gates  associated  with  the 

correction  pulse  nre  ooitted.  (This  means  that  the  operator  sets  up  ocoplementa 
{lere  as  complements  aith  respect  to  10^  and  not  10^-1  p , 

'^Theneaer  a  program  pulse  is  received  on  the  input  tendnal  of  a 
pvgren  control,  ^.t  li  say,  the  output  of  the  eatho'^e  follower  (lube  64  la  the 
transce\\e»'  p\‘ig— In  urit^  'jees  to  the  two  decks  of  the  const ‘^nt  selector  switch* 
Ihe  results  of  the  trrious  settings  on  this  switch  am  given  in  thC  following 
table. 


TABLE  e-1 


Constant  Result 

Selector 

Siiteh  Deck  1  Deck  2 


Aj,  The  esthejH  follcwe’*  potential 
opens  the  ili  gatc,s  A*1  and  A* 21 

^  Gate  A* 41  is  opened. 

Ajjj  The  nt  f.ate  A*1  5.8  opened. 

Bl  The  HI  gates  A' 2  and  A' 22 
are  opsned- 

The  ni  gate  A' 42  is  opened. 

^  The  Rt  g'lte  iJ  2  is  opened. 


The  cathocie  follower  potential  opens 
the  digit  gates  far  group  1,  that  is 
gates  B*  tc  Lt,  1  and  21, 

The  m  gate  A'62  and  digit  gates 
B*  to  L' ,  41  and  ^  are  opened. 

(A* 61  controls  the  correction  pulse). 

The  m  gate  A'  62  and  the  digit  gates 
B*  to  L'  1,  21,  41f  and  61  are  opened, 

The  digit  gates  B*  to  L'  2  and  22 
are  opened. 

The  FM  gate  A»63  and  the  digit  gates 
B'  to  L'  42  and  62  are  opened. 

The  HI  gate  PJ  63  and  the  digit 
gates  B*  to  V  2,  22,  42,  and  62 
are  all  opened. 


Since  the  constant  selector  switches  are  connected  in  paraUel,  within 
group  of  the  same  alphabetical  letter  "back  circuits  would  be  ereat  d 
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rtould  one  switch  be  turned  to  L  or  R  when  another  ie  turned  to  IR,  Por  exaople, 
in  the  iirat  peup  of  six  constant  soleetor  switches,  if  one  is  set  at 
fther  can  be  set  at  Aj,  or  without  transmitting  superfluous  digits  (in  the 
cue  of  a  positiye  number),  or  the  extraneous  tranmnission  of  9P  and  1*P  over 
ecrtain  channels  (negative  nuEd>er)«  This  means  that  if  the  number  stared  eo 
poupe  one  and  two  relays  is  transmitted  as  a  ten  digit  nunber,  then  at  no 
other  place  in  the  -coiif>utation  can  it  be  considered  two  five-digit  niiibers, 
or  rice  versa. 

If  an  activated  program  control  has  its  switch  set  te  A  ,  the  five 

li 

digits  of  groi^  one  will  be  transmitted  on  channels  6  to  10.  If  the  number 
it  negative  nine  pulses  will  be  transmitted  over  the  nt  channel  (A*l  turns 
•ff  the  inverter  A'U  opening  the  gate  IA3)  and  the  ewreetioa  pulse  be 
tranaaitted  over  channel  6  (A*  21  turns  off  the  inverter  a*  11  opening  the  gate 
us).  In  this  ease  nothing  is  transmitted  over  channels  one  to  five. 

If  an  activated  program  control  has  its  switch  set  at  Aj^  the  five 
digits  of  group  2  will  be  transmitted  over  channels  one  to  five.  If  this 
BWiber  is  negative  nine  pulses  will  be  transmitted  over  channels  six  to  ten 
and  over  the  Rl  channel  (A*  A1  turns  off  the  inverter  ik*5l  (gening  the  gates 
F  to  K  and  U4)  and  the  correction  pulse  will  be  trrjiaaitted  over  channel 
ene  (A*  62  turns  off  tbe  inverter  i»»61  opening  the  gate  AA5)«  pulses 

trsnmnitted  over  channels  six  te  ten  give  the  complement  with  respect  to  10^ 

•nd  make  it  wnecessary  to  use  a  shifter  in  the  digit  transmiaalon  line. 

If  an  activated  program  control  has  its  constant  selector  switch 
Ht  at  the  ten  digits  of  groups  one  and  two  will  be  transmitted  over 
channels  one  to  ten.  If  the  number  is  negative  nine  pulses  will  be  tran^ 

■Itted  over  the  RI  channel  (AM  turns  off  the  inverter  A»51  opening  the  gate 
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Ii3)  and  the  correction  pulse  will  be  transmitted  over  channel  one  (A*  62  turns 
off  the  inverter  A' 61  opening  the  gate  A45)» 

The  groups  one  to  sixteo  (or  to  H^)  behave  in  a  manner  similar 
to  above  •  The  gates  associated^  uith  the  constant  set  switches  (J^  to  l^) 
behave  sisdlarlj  except  for  the  correction  pulse  (as  explained  above,  or 
fOC  ftetiSI 

Header  Program  Controls 

The  reader  program  controls  are  located  in  the  initiating  unit 
(me  RI-9'3C7)  •  The  ISI  reader  can  be  caused  to  read  a  card,  (provided  certain 
conditions  are  fulfilled  in  the  reader),  either  by  a  program  signal  arriving 
at  teimnal  Ri  en  the  front  panel  (FX«9-302)  or  by  pushing  the  reader  start 
button  on  that  panel* 

6.2.I.  Rtarting 

If  the  reader  start  button  is  pushed  the  resulting  pulse  goes  through 
the  special  pulse  standardizer  (61  and  62,  reader  start  unit,  see  FX-11-307)b 
The  output  of  the  special  pulse  standardizer  turns  off  the  inverters  63  causing 
the  buffer  72  (R-9-10A)  to  go  on.  This  sets  the  nip-flops  (65,  66)and(67,  68). 
The  driving  tube  64  goes  on  closing  the  starting  relay  (located  in  the  constant 
truiaaitter  (Panel  #3),  If  a  program  pulse  is  used  to  start  the  ^ader  it  comes 
in  over  Ri  turning  on  the  buffer  67  snd  setting  the  flip-flop  (65^  66),  but  not 
the  flip-flop  (67,  66)* 

B«2.2.  ResetM^ 

After  the  reader  starta  to  read  the  card  a  sienal  (a  gate  wltage) 

WX.1  tack  oeer  conneetioD  129  (see  PX-li-307)  from  the  reader  cauaing  tba 
nip-flop  6$  and  96  to  roeet.  Thla  sipial  occurs  early  in  the  cord  reading 
qele  (When  the  igiiiua  Indication  is  being  read-bcforc  the  digits  arc  read 


[gee  the  cam  tine-tabla  on  PX-11-120),  After  this  reset  aignal  haa  airtmd 
aiy  subsequent  progran  pulse  arriving  over  seta  tte  fXfp-flop  and  elsaes 
the  starting  relay.  This  causes  the  reader  to  continue  and  read  the  «»""nd 
card  before  stopping.  The  reset  signal  arrives  from  800  to  1200  aAHtion 
after  the  print  propam  signala 
8,2,3.  The  Finish  SignaL 

Just  as  the  131  reader  finishes  reading  the  card  a  si^al  is  s*vit 
ever  connection  12?  to  the  special  pulse  standardiser  (6$,  66)  causing  the  flip-flap 
70  and  71  to  be  set.  This  opens  the  gate  69  and  if  the  flip-flop  6?  and  68  Is  tha 
let  the  inverter  61  (ftc-9-106)  will  go  off  opening  the  gate  62,  The  CPP  passed 
here  sets  the  flip-flop  63  :r.d  64  opening  gate  68,  This  passes  a  CPP  iriilch  goes 
through  the  transmitter  (65-6?)  to  the  reader  program  output  R^.  This  same  pulse 
pcs  through  the  inverter  and  buffer  69  and  resets  all  three  flip-fl«^. 

The  flip-fl(^  63  and  64  is  a  synchronized  flip^flop^  that  is^  it  is 
set  bj  a  CPP  gated  by  62.  The  flip-flop  70  and  7I  is  not  synchronized  since 
it  is  set  by  a  signal  from  the  HU  reader.  Thus,  the  gate  62  may  be  opened  in 
such  a  way  that  it  will  pass  only  part  of  a  Off,  If  it  fails  to  set  the  flip- 
flop  63  and  64  no  harm  is  done  since  the  next  CPP  wUl  also  be  passed  by  62  and 
«iU  set  the  fUp-flop  63  and  64,  This  flip-flop  being  set  by  a  CPP  wiU  open 
the  gate  68  in  ample  time  for  the  naxt  CPP.  This  arrangement  insures  that  a 
standard  synchronized  program  pulse  is  transmitted  out  or  Rq. 

Interlock 

Since  the  process  of  reading  a  card  takes  a  very  large  number  of 
««>dition  times  it  is  desirable  to  be  carrying  on  part  of  the  computation  ^e 
^  is  beini  done.  There  will  be  a  place  In  the  sequence  of  computations 
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^re  the  nuabers  in  the  constant  transmitter  are  used  for  the  last  time*  Aib 
this  addition  tine  the  reader  nay  be  progranmed  to  read  tba  crt.  Since, 
^tiersUy,  it  mill  not  be  known  which  process,  that  of  reading  the  card 
gr  that  of  conpleting  the  rest  of  the  sequence  of  coiqjatation,  will  be  finished 
first,  an  interlock  feature  is  provided.  The  final  output  jvogran  pulse  of  the 
setjuenee  of  cooputation  is  plugged  to  Thua,  flip-flop  67  and  68  ia  set  at  the 
end  of  the  sequence  of  eOR9>utations  while  flip-flop  70  and  71  is  set  when  the 
reader  is  finished*  Only  when  both  of  these  things  have  happened  will  the  gate 
69  conduct  and  open  the  gate  62,  finally  giving  a  program  pulse  out  of 

The  reader  start  button  through  buffer  64  also  seta  the  interlock 
fliiv-flop  (67  end  63).  Therefore,  when  the  reader  .start  button  is  pushed 

the  reader  reads  a  card  and  a  reader  program  output  pulse  ia  obtained  at  R 

o 

It  the  proper  tiise* 

The  initial  clear  gate  causes  all  of  these  flip-flops  to  be  reset* 

Hote  that  when  the  ENIAC  is  turned  on  the  starting  flip-flop  (65  and  66)  may  emoe 
on  in  the  set  position  and  before  a  CPP  arrives  to  reset  it  the  reader  may  read 
mm  card, 

B.3.  KUIIERICAL  CIR'lilTS  OF  THE  CONSTANT  TRANailTtER 

The  nuinerlra  circuits  of  the  constant  transmitter  comprise  the 
•ikteen  CTOup.*?  of  storage  relays  and  their  associated  gates  (A*  to  L  1  to  10, 

«t  coteraV  the  3on.5tant  and  HI  set  switches  (on  panel  2)  and  their  associated 
^  PUa,  the  inverters  (A»  to  L'  U,  et  cetera)  ar.d  the  pulse  gates  (A  to  K  U 
i  to  44;  A,  E  to  K  l.Ui  L  43  and  44),  and  the  inverters,  buffers  and  transmitters 

^  Uto  L  46  to  50), 
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B.3.1.  The  Storage  ReUys  and  their  Gafce« 

This  description  of  the  storage  rela^  lAU  be  gleeik  ia  timis  cf 
the  constant  transmitter  cross  section  drawing  Qa  that  taring 

there  appears  a  wiring  diagram  of  groigt  one  rIstw,  s  schematic  diagram  of 
gitnv  one  relays,  a  coding  cam  tine  table^  and  a  cross  section  of  the  electronic 
eirenitSa 

As  the  IBf  card  goes  through  the  reader  the  positions  on  the  card 

passundec  the  reading  brushes  in  the  foUoeing  order  (see  the  cam  time  table 

:X-11>I20  or  the  small  table  cm  FX-11-116), 

12,  U,  0,  1,  2,  3,  4,  5,  6,  7»  9, 

There  are  eighty  columns  on  the  card  and  all  of  these  pass  under  the  reading 

11 

brushes  at  once*  Punches  in  th^ position  will  be  used  to  indicate  minus 
signs,  shile  punriies  in,  say,  position  four  represent  the  digit  fmir  in  that 
eolmmi* 


To  siimlify  the  following  discussion  it  id.ll  be  assumed  that  leads 
Binhered  one  to  eighty  of  the  Reader  connections  go  cdreetly  to  the  corresponding 
reading  brudhi.  Actually,  these  eighty  connections  may  be  made  in  ariy  desired 
saner  su|}ly  by  rewiring  the  plug-board  on  the  Reader,  see  PX-ll-3Q$a 

The  relay  labeled  R,„  (schematic  diagram  of  group  one  relays, 

kB 

11-11-116)  is  a  R1  isolating  relay  which  handles  the  first  three  ^oiqis 
(*1,  Ajj,  and  Bj^).  Referring  to  PX-11-120  it  is  seen  that  cam  CB9  wakes  con¬ 
tact  during  the  reading  of  the  eleven  position  on  the  card.  If  there  happens 
to  be  an  11  or  12  punch  in  whatever  column  the  minus  inciicatiDn  for  groi9  on 
i*  placed,  say  coluiin  one,  a  circuit  will  be  made  throu^  connection  97, 

*wtact  R^,  and  the  pick-up  coils  of  relays  and  these  relays 

»«  picked  IQ)  they  are  held  by  a  contact  on  Hi2.  holding  i«  controlUd 
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If  coonection  81  (for  group  one)  and  lasts  at  least  (it  na^  last  longer^  see 
Section  8«4«5«)  until  the  next  card  has  begun  to  be  read* 

The  following  table  gives  the  various  oonbinationa  of  relajs 

that  arc  dosed  during  the  various  positions  of  the  card  reading* 

TATifJt  a-a 


The  reader  can  check  this  table  in  the  foUowing  oaimer.  If  the 
"Bber  is  positive  the  coding  relays  to  are  coimected  in  pairs  to  the 
eodlng  cans  CB2,  CB4,  CB6,  and  CB8.  The  coding  cam  time  table  shows  that  as 
position  seven  of  the  card,  for  example,  is  under  the  reading  brushes  coding 
caos  CB2,  CB4,  and  CB8  are  making  contact.  If  seven  was  punched  in  the  first 
wluan  storage  relays  1-A,  1-B,  and  1-D  wiU  be  activated  through  the  contacts  on 
(Boding  relays  C^,  and  Cy,  Contacts  on  the  storage  reUys  wiU  cause  gate 
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tobei  l*l»  •“*  *^*21  to  be  opened  ultla&tely  causing  the  2,  and  4  pulses 
(altogether  seren  pulses)  to  be  tranaoitted  over  ehaniiel  ten.  If  there  bad  been 
aaiB0  ixuUeation  punch  the  HI  relays  (Hlj^  and  HI2)  would  be  closed  (and  held  by 
tie  dreolt  throu^  emaiectlon  81)  and  the  coding  relays  would  be  connected  to 
coding  eas  C&L,  CB3«  CB5.  and  CB7*  If  again,  seven  sere  la  the  first 

oolUf  only  ca  (93  1®  Mbing  contact  idien  the  seven  passes  aider  the  reading 
knuhes  and  the  contact  00  causes  storage  relay  1-B  to  be  picked  up.  Ultiaately. 
this  causes  the  two  oulses  (eos^ileiaent  of  seven)  to  be  transmitted  over  the  tenth 
deaael.  Since  the  Hf  relays  are  closed,  a  contact  on  RI^^  causes  gates  A*1  and 
i>21  to  be  opened.  These  gates  provide  (for  a  five  digit  nunber)  for  the  minus 
indication  (nine  pulses  on  the  HI  channel)  and  for  the  correction  pulse  (to  give 
coapleaents  with  respect  to  10^). 

6.3.2.  The  (kmstant  and'Hi  Set  Switidies 

FX-ll-307  shows  that  these  switches  connect  directly  to  the  gates 
fer  the  nmabers  to  1^.  Only  the  switches  for  the  first  and  tenth  digits  are 
drain  out  in  detail  for  ths  groups  J  and  K.  There  are  four  HI  switches,  so  these 
imty  digits  gaw  be  used  in  groups  of  five  and  the  sigps  of  si^y  one  group  set 
independent  of  the  others.  If  they  are  to  be  used  for  ten  digit  numbers  then 
both  ni  snitches  and  Jg,  for  esacple)  must  be  set  to  P  ca*  to  M  depending 

von  the  nmAer. 

The  constant  set  switches  eonsist  of  four  part,  mounted  on  two  decka. 

.  The  moving  portion  nakes  contact  in  such  a  manner  as  to  open  the  1,  2.  2> «  and 
k  gates  in  various  uondiinations  corresponding  to  the  digit  to  which  the  switch 
^  aet.  The  gates  opened  by  various  switch  settings  is  indicated  by  the  cros 

in  the  following  table. 


TABIR  <U3a 


cates 

0 

1 

2 

-L. 

.ch  Sc 

“5" 

7 

g 

9 

1 

X 

X 

X 

I 

X 

2 

X 

X 

X 

X 

X 

X 

2» 

X 

X 

- 

X 

X 

X 

X 

-2- 

In  the  case  of  negative  nunbers  read  from,  cards  tte  eodlac  lelsys 

B 

sukonatically  take  the  complefflents  with  respect  to  10  -I,  Hiia  is  not  true  of 

th£  constant  set  switches  for  groups  to  that  is^  in  setting  up  a  negative 

Boaber  on  these  awitdies  the  operator  eiust  take  the  eomplcDent  himself  •  No 

eorreetion  pulse  is  provided  by  these  m  switches  so  negative  numbers  are  set 

n 

as  eooplenents  with  respect  to  10  •  The  following  table  illustrates  various 
flkiteh  settings* 

T/iBIZ  e-3b 


RtBber  to  be 

R!  Settings 

1 _ 

Seiteh 

Settings 

set 

Jl 

K9i 

m 

2 

4 

y 

y 

H 

^3456  on  J, 

and  ^ 

^7B901  on 

F 

p 

2 

3 

g 

5 

g 

g 

8 

g 

g 

1 

-12345  on  J. 

and  ^ 

*7B901  on  ^ 

U 

p 

6 

1 

e 

5 

g 

g 

i 

g 

1^345  on  Jt 
and  ^ 
*76901  on  J|^ 

P 

y 

1 

2 

3 

g 

5 

2 

B 

g 

I 

1 

67690 

P 

p 

■ 

2 

3 

B 

D 

B 

B 

B 

1 

-*^345  67890 
"”'ui 

y 

p 

8 

D 

6 

5 

D 

ill 

B 

B 

1 
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0^.  the  xbi  msm 

The  IBf  Reader  »U1  be  described  in  terms  of  the  wiring  diagran 
the  top  of  this  drawing  are  tables  which  give  the  locations  of 
the  relays  and  cane.  Rote  that  the  various  parts  of  one  s-elay  (for  exanyils, 
the  hold  coil,  pirk-vp  roil,  and  various  contacts)  nay  bo  located  in  widely 
afrfcrent  places  on  this  drawing.  The  tables  at  the  top  locate  all  of  these 
puts.  The  terminal  posts  are  located  in  the  panel  behind  the  motor  generator* 
The  connections  to  the  lai  plug  (which  plugs  into  a  sod^et  on  the  constant 
transnitter  pinel  n*ibber  three)  are  pictured  in  the  upper  right  comer  of  the 
dnsing. 

8,4.1.  The  a-c  Circuits 

The  Reader  receives  its  a^  power  by  a  standexd  110  volt  plug  which 
plugs  into  a  socket  on  the  bottom  of  panel  three  of  the  constant  transmitter* 
Fewer  is  Ibmished  to  this  plug  only' when  the  EllliC  is  turned  on,  plugs  at  the 
bottom  qT  other  panels,  except  printer  panel  #2,  have  power  on  them  all  the 
tine.  The  a-c  power  goes  through  a  switch  located  on  the  Reader  to  the  motoi^ 
generator  and  through  contacts  (on  H,  D.  relay  at  lA)  on  a  relay  (pidc-up  coll 
•t  2B)  to  the  drive  motor.  Thus,  when  the  power  cones  on  the  motor  generator 
■tuts  up.  When  it  reaches  speed  the  ifi  volts  d-c  cause  the  green  light  (on 
the  front  of  the  Reader)  to  come  on  and  the  H.  D.  relay  to  close  starting  the 
Wre  motor.  The  H,  D.  relay  prevents  the  drive  motor  from  operating  in  ease 
of  failure  of  the  motor  generator. 

Starting  circuits 

When  cards  are  initially  placed  in  the  magazine,  the  magazine  card 
contact  (Uag.  at  CLC  at  2B)  is  closed.  This  causes  Relay  R-1  to  pick-up, 
this  time  neither  the  auxiliary  read  switch  nor  the  UIIAC  starting  relV 

vt 


(I,  tte  eewuiit  tnnBltter.  tee  PI-U-SOT)  on  <au.  the  n«ler  to  opereU 
siatf  2el3j  2  la  not  activated* 

If  in  this  ease*  the  initial  atsrt  kej  la  puahed,  the  reader  nUl 
apereU,  (aaauaing  card  ataeker  aaiteh  eloaed^  that  ia,  there  are  not  too  n^ 
etrds  in  the  card  staclrer )  and  feed  a  card  into  poaition  before  eontinuoua  roll 
fl  (thst  la,,  in  poaUion  readj  to  bo  read  by  the  control  #1  reading  bruehea). 

Ha  the  card  la  in  position  here,  relay  IU2  la  activaUd  ty  card  lever  cootsct 
H.  Isa  either  the  auxiliary  read  switch  w  the  BUAC  starting  relay  can  cause  a 
cad  to  be  read*  The  initial  atari  switch,  since  relays  B-1  and  R-2  are  each 
cetifSted,  cannot  cause  a  card  to  be  read  at  this  point*  Thus,  «q>on  closing 
dUier  the  auxiliary  read  switch,  or  the  ENIAC  starting  relay  the  card  passes 
ader  the  #1  (control)  reading  brushes  and  stops  In  portion  before  the  #2 
read  brushes* 

If  any  of  the  control  arrangtaenis  (Like  plugging  to  conl^I  hubs  on 
the  plug-board)  are  being  used  the^  •control"'  instnictions  arc  now  remonbered 
ly  certain  relays  in  the  Reader*  Note,  that  this  DeDory  depends  upon  the 
aoU  output  of  the  notor^enerator  on  the  reader* 

ath  the  first  cerd  in  position  before  the  |2  read  brushes,  a  card 
iCTer  conUet  (CLC  #1)  causes  R-60  to  be  activated*  If  the  auxiUaxy  read 
udteh  is  again  operated  this  card  will  be  read  by  the  #2  read  hrushet  and  the 

(sigaed)  muibers  stwed  in  the  constant  tranaaitter  relays* 

In  practice  the  relay  timing  is  such  that  In  Initially  placing  cards 
lathe  reader  (by  pUcing  cards  in  the  magazine  and  depressing  the  initial  start 
te7)the  reader  may  feed  cards  up  to  position  before  the  S2  read  brushes  by  run- 
«!■«  thrwsh  Uo  ^eles.  In  thi.  ewe  it  i.  realy  to  toedlotoly  real  ‘ho 
If  tie  first  card  sas  f«d  only  into  position  before  the  #1  or  control 
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(ptftes  (one  ejclo)  no  ham  is  dons«  If  tho  reader  la  noe  prograouoed  ^  readf 
flM  being  open,  it  will  read  the  lat  card  bj  the  control  biu^Ma  aadv 
icset  or  finish  signal  will  be  given  out*  Then,  the  starting  rel^  stlU  w.<..g 
dosed,  the  reader  will  ijanediatelj  start  another  qpele  in  which  the  first  card 
passes  wafer  the  #2  brashes.  When  the  cards  are  in  position,  relays  A  aid 
Hat  activated  by  the  card  contact  levers,  (Uagasins  CLC,,  CR«  #1,  CR.  |2) 
aad  the  start  key  becomes  ineffective.  After  relays  #1  and  #2  are  activated, 
CEtacts  on  then  (at  3B)  enable  the  auxiliary  start  key  to  cause  a  card  to  be 
read.  A  starting  relay  located  in  the  constant  transBitter  (see  n-11-307)  has 
&  eoctact  connected  in  parallel  with  this  auxiliary  start  key.  A  unit  located  in 
the  initiating  device  (described  in  8.2.)  causes  this  starting  relay  to  close 
ad  tlBu  causes  the  reader  to  read  a  card. 

81.3.  Wuperlcal  Circuits 

There  are  two  sets  of  80  reading  brushes,  the  first  (A)  are  the 
eoBtrol  brushes  and  the  second  (#2)  are  the  ones  which  read  the  nuiid>ers  aad 
tteir  si^is.  The  number  two  reading  brushes  (at  6B)  read  the  nuid)ers  and 
H  si^is  on  the  cards  and  via  connections  on  the  plhg  board  carry  the  eorres- 
ponding  signals  to  the  storage  relays  in  the  following  ways: 

(1)  tdrectly  to  the  storage  relays  (hubs  located  at 

(2)  For  a  column  in  which  the  HI  punch  occurs  the  connection  is 
from  the  reading  brush  hub  to  one  of  the  HI  hubs  (labeled  "minus 
control"  on  the  plug-board)  (at  6D  on  PX.ll-n9)  and  from  the 
other  FM  hub  to  the  corresponding  storage  relay  hub. 

(3)  Or,  if  desired,  the  connections  from  the  reading  brushes  to  the 
Stonge  releys  maj  be  b/  of  the  groop  .elector  relv  contest, 
(at  6B  and  6C).  In  thi.  nanner  certain  control  punche.  MJ 
cauee  Infonatlon  fro.  one  .et  of  reading  broehe.  to  go  to  either 
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jm  of  two  set*  of  storage  rel&jfs,  or  sueh  control  punches  maj  cause  me  set 
jf  storage  relajs  to  receive  Infanaation  f rai  one  of  two  sets  of  reading  brushes 
[aee  Sections  6*4«4«  and  8*4«50 

t 

gjl„4.  GrouD  Selection 

There  are  sixteen  five-pole,  double-throw  rela/  switdtta  (relage  B24 
to  R5$»  two  relays  to  each  switch,  hold  coils  at  4C  and  5C,  contacts  at  6B  and 
iC).  The  coils  at  4C  and  SC  serve  for  picking  and  for  holding.  These  fiv^ 

I 

pole,  double-throw  switches  may  be  used  to  rearrange  the  infomation  coniag 
isto  the  storage  relays.  These  relays  are  pidced  up  b;'  eontaete  on  relays 
7  to  22  (at  4C  and  SC)  in  series  with  the  cam  P6.  Once  they  are  picked  ig) 
th7  arc  held  Ij  cam  P?, 

Beferring  to  the  can  time  table  (  PX-11-12C)  we  see  that  relays 
7ta  22  oay  be  picked  up  any  p  lace  in  the  card  c^le,  that  it,  from  any  punch 
(since  cam  PS  makes  contact  all  this  time).  If  any  of  these  relays  have  picked 
up,  can  P6  will  eauae  the  corresponding  relays  24  to  S5  to  jdekiip  «t  the  rad  of 
the  card  cycle.  Once  they  are  picked  up  cam  P7  holds  them  until  the  end  of  the 
next  card  cycle.  Since  the  card  going  under  the  control  brushes  will  go  under 
fi  read  brushes  exactly  one  card  cycle  later,  this  means  that  a  group  selection 
control  punch  will  activate  the  group  selection  relays  (taring  the  time  the  card 
is  passing  under  the  #2  read  brushes. 

Reset  Control  and  Reset ^h^A 

The  storage  holding  relays  (contacts  at  7B,  pick  up  coils  at  3C)  4.  5, 
tad  6  erase  the  relays  in  the  constant  trraraitter  to  hold  their  information. 

•  Ifcc  time  table  shows  that  cam  CBIO  causes  these  relays  to  hold  fn*  position 
.  12  on  one  card  until  13.7  on  the  next  card.  That  is,  the  information  read 
fron  one  card  is  normally  dropped  out  at  the  beginning  of  the  reading  o 
I  text  card. 
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plugging  tm  the  reset  control  hubs  to  the  reset  shunt  the 
egte$ponaijkg  constant  transaitter  relays  can  be  caused  to  hold  their  infoim* 
tioi  until  such  time  as  the  relays  56  to  $8  are  activaied* 

8y  proper  plugging  on  the  plug  board  conneetian  can  be  made  fron  Mae 
A  read  brushes  through  the  pick  up  coil  of  fel^  te  the  digit  selector, 
ttea  relay  23  is  activated  relays  56  to  59  nlll  be  picked  iq>  by  cam  FB  at  8,5 
iutha  card  cyulm*  A  eontaet  on  relay  57  and  can  PI  causes  relay  59  to  pidc  up 
d  9.5  in  the  card  cycle,  Thia  is  shom  on  P  -11-308. 

Suppose  that  reset  control  is  operated  from  a  "three*  pundi  in  aome 
in  irtiat  will  be  called  a  master  card.  Cards  uithout  this  "three"  punch 
(In  that  same  ooluon)  will  be  called  detail  cards. 

At  the  end  of  a  ^ele  in  which  such  a  nmster  card  passed  under  the 
control  (A)  brushes  relsys  23,  56  to  58,  and  59  have  all  picked  up, 

Ue  next  card  cycle  the  uster  card  will  pass  under  the  A  read  brushes.  Relay 
59  holds  until  near  the  end  of  this  cycle  preventing  either  a  reset  or  a  finish 
dpial.  Inspection  of  the  reader  starting  dreuit  on  IT-11-307  shows  that  the 
itaiting  nip-flop  (65,66)  ia  still  set  and  that  the  starting  relay  is  stiU 
oetirated  so  the  reader  isnedlately  goes  on  to  read  another  card.  The  relays 
<6ieh  are  shunted  (by  plugging  reset  control  to  reset  shunt  on  the  plug  board) 
•111  hold  the  information  read  froa  the  master  card  untU  another  master  card 
«»•  dong.  New  infomation  wlU  be  put  into  the  other  relays  for  each  detail 
ttrd. 

^.4.6,  Codi^^CaM 

Ihe  «Klii«  caa  ««  located  at  it  and  7*  «  ra-U-U9.  Hwj  dl«ctl7 
the  coding  rel^rs  Ideated  in  the  cenatant  tranmltter*  See  B«3«l* 
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0.4,7.  Resat  Signal 

Can  P4  produce*  the  reset  signal  at  time  12  Iji  the  card  cycle.  This 
ilgnal  will  be  sent  to  the  constant  transultter  (actually  to  the 
nnit)  <»il7  if  relay  60  is  aetlrated  and  relsy  59  Is  not.  Relay  60  is  aetlvated 
only  when  cards  are  In  position  at  the  read  brushes  (see  GR|2  at  3B,  that  is^ 
eoutiiiuous  roll  #2).  Relay  59  is  actirated  only  when  a  ’’tnaster*  card  (  a  sard 
nth  a  punch  operating  reset  control  relay  23)  is  at  the  §1  read  bruakes. 

Finish  Signal 

Cam  P3  produces  the  finish  signal  at  tine  9*5  in  the  card  reading 
ejele*  As  with  the  reset  signal  this  si^ial  is  obtained  only  if  relay  60  is 
utivated  and  relay  59  is  not. 
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IX.  FRIUTcA  4BD  ISU  GMRI  Ptmiaf 

Th.  printer  eeu».  .ig^t^  digit.  «d  a.  .«y  „  .ixteea  HI  .ign. 
^Ofih.  «tar»d  Hr  certain  accumulator,  end  possibly  the  master  prop^ainar 
to  be  punciied  on  mL  cards,  m  the  case  of  complements  (mhleh  represent 
nogstive  numbers)  the  printer  relay,  cause  the  IBU  punch  to  punch  the  true 
Kgstire  number  and  a  corresponding  sign  indication  (an  11  punch). 

^on  operating  continaousli>  tho  TBL  punch  can  punch  a  card  la 
e.dl  seconds.  Howovor  Tdion  starting  fron  rert,  tho  inertia  of  tho  ounch. 
lugnsehanisa  makes  the  punching  tine  0.B2  seconds.  The  units  of  ths 
OIaC  sssociated  with  the  printer  (ei^ht  accumulators,  say.  and  five  decades 
of  ths  1!.P.  do  not  have  to  wait  while  the  eonpleta  punching  cycle  takes 

r. 

place  but  only  0.4  seconds.  If  tho  punch  Is  programmed  before  the  end  of 
Urn  first  cycle  to  punch  a  second  card  then  the  two  cards  will  ba  punched 
la  1.4  seecnda.  However,  if  the  second  prograa  signal  eonsa  anytimo  after 
the  first  cycle  is  completed  the  punch  essentially  loses  a  cycle  (bocause 
•f  the  clutch  dropping  out)  and  the  punching  of  two  cards  will  take  at 
least  2.0  seconda. 

Thoroforo.  if  thoro  is  no  noro  than  approximately  2,000  addition 
tlscs  between  printing  pro^ams.  the  punch  will  punch  almost  lOO  cards 
per  ainuto,  A  small  increase  in  the  number  of  addition  times  botwoon 
pristins  prop^ams  will  cut  this  down  to  not  noro  than  50  cards  per  minute. 

»  should  be  emphasised  that  while  all  those  figures  aro  valid  at  tho  tlna 
vriting,  they  may  vary  with  tino.  tomporaturo,  punch  wear,  and  so  f^h* 
li  Tho  program  control  circuits  for  tho  printer  aro  located  In 

Initiating  unit,  ’^hen  presrei-oed  to  print,  the  IBi  punch  wUl  start,  the 
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In  tho  printer  will  bo  Bot  up  by  the  Btatle  output,  of  tha  oarlou, 
iecMles  and  PK  unit,,  a  reset  sl^ial  will  cod,  ft>as  the  punch  to  tho 
jrograB  control  circuit,  and  the  punch  will  cooplote  the  punchine  cycU, 
resot  sipial  can  bo  used  to  eontlnuo  ecaputatlon  in  tho  SHLU!,  sii»e 
tho  sot  up  tine  of  tho  rolay,  i,  small  eomparod  to  tho  tino  fo^  pwchli^  ■ 
cird  this  arrangpnent  proeents  undue  wasto  of  tine  while  the  card  1,  bcinc 
jumehcd.  ifhen.  the  card  punchins  ^Ic  Is  completed  an  Interlock  ,1^1 
eoELS  Ikon  tho  punch,  to  the  printer  allowing  the  relays  to  sot  up  anow 
yorldod  uiothor  print  prograa  signal  came  along  in  the  neantlao.  This 
constitutes  o  ncehnnical  interlock  orran^nent. 

On  the  printer  there  ora  sixteen  "print”  switches  idiieh  enable 
tte  operator  to  print  or  not  print  any  one  of  sixteen  groups  of  five  digit 
nrabers  and  tho  associntod  RJ  iniieation*  Tboro  cro  sixteen  coupling 
nitches  which  make  possible  tho  printing  of  groups  with  ton  or  moro  digits. 
Ibeso  coupling  switchos  scree  no  purpose  Tdion  printing  positive  numbors. 
b  printing  nogatiwc  numbers  they  take  care  of  the  carry  oecr  in  the 
procosa  of  taking  tho  eomplomonts  and  also  gpng  tho  Fli  relays  for  tho 
coupled  ^ottpe. 

Tho  doserlption  of  the  printer  will  be  given  in  terns  of  tho 
Adloiring  drawings  i 

Printer  Cross  Sceti<ii  p^ltllS 

V  Printer  Block  Diagram  PJUMOT 

V  IBU  Gang  Punch  P1H2-112 

discussion  will  bo  divided  up.  in  the  follo’.ying  nonnors  9.1.  Prosr" 
l^trol  Circuits,  9.2,  numerical  Circuits  of  the  Printer,  9,3,  IBk’  Gang 

and  9.4,  Exmsplo,. 
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U  ptocaui!  uuumoL  circdits 

The  priatcr  contrU  elreafts  eoopriso  most  of  two  plufi. 

to  onits  IB  the  Inittetias  dcwloo  (PX-9-104  snd  PX-9-10S)  snd  tho  prlmtlBc 
BrttchiS  located  on  panol  two  of  the  printer.  The  circuits  locstod  in  tho 
iaitUting  dcTicc  oro  represented  in  block  diogTsB  fora  on  PZ.1^307 
(Imr  left  corner)  w  PX.9-30.  and  in  dotnll  on  F]Ult.llS. 
f.1.1  The  Printing  Switehoe  || 

The  is-intlng  switches  simply  disoonneet  the  power  (♦tOO  ▼  line) 
to  tim  digit  end  PM  relsys  of  eech  group.  Thus,  if  the  print  switch  for  n 
ftftlciiler  gyoup  is  set  at  *off*.  the  relays  of  that  group  cannot  pick-op 
od  thus  nothing  will  be  punched  in  the  corresponding  position  on  the  cord. 
9,1.2  Starting  Circuit 

Sjij  pulse  arriwing  at  the  printer  program  input  terainal  P^ 

(we  F3L.9L302)  will  (throug)i  the  buffer  67)  set  the  flip-flop  (66  sart"  6f). 
This  causes  the  driwer  70  (which  has  its  cathode  at  +20  wolts,  end  has  ths 
itarting  relay  as  its  load)  to  cooe  mi.  closing  the  starting  relay  (located 
lithe  printer  panel  3o.  3).  This  flip-flop  will  bo  reset  byaslffial 
'ttriving  froa  the  punch  through  the  buffer  72,  ( It  can  be  rosot  by  an 

sec  Section  9.I.S.) 

*■1.3  ^8Ct_w^_Q^ggym„^t2Mt 

After  tho  printer  relays  h&wo  set  up,  (these  relays  set  up  i*en 
ib  interlock  esn  Balms  contact  and  the  starting  relay  1b  oetiTated)  near 
^  beginning  of  the  cord  punchii^  cycle  (at  card  timo  11*2)  tho 

will  orriwe  at  tho  printer  fros  the  punch.  This  signal  passes 
jWigih  the  special  pulse  standardiscr  6l  and  62  (in  unit  F^9*105, 
jf[*l*-307j  for  a  doccriptlon  of  this  circuit  see  Section  1.2,7) • 
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^  thi.  P.I..  th.  nip^i^  «4  es  ^ 

^  th.  to«rt.r.  es  pr.TldM  »  ,tg„^ 

0flp  d»ferib«d  abOTO. 

fllp«flop  64  and  65  opens  bhe  »»■*•-  sa 

jKHw  141S  gate  66  passiiif  a  CIV  iriiieh 

Hti  the  flip-flop  67  ud  68,  Iha  ontpit  of  lila  gatos  a  CPP 

[pfto  69)  irhich  rosets  the  two  flip-flops  passing  through  the  transnittor 

nte  72.  and  appears  at  the  printer  output  teminal  on  tho  initiating 

alt  front  panel  (aoe  PS.9-302).  At  tho  tine  of  writing  this  report, 

iltfting  with  tho  punch  at  rost  about  1900  addition  tines  olapsod  bctwoca 

tt  reception  of  a  progren  pulso  at  P_  and  the  output  prolan  froB  P  , 

•  o 

4i  time  will  probably  wnry  with  respect  to  tenperaturs  and  age  of  the 
gch  aDong  other  things. 

This  double  flij^flop  arrangeunt  is  a  synehroniting  deriee. 
see  the  tining  of  the  reset  pulse  depends  upon  the  neehiinical  operation 
tte  punch  it  will  genorally  cot  bo  synchronised  with  the  CPP  in  tho 
UC,  Tho  output  of  tho  goto  66  will  be  synehronisod,  but  it  cannot  bo 
■saitted  since  tho  flip-flop  64-65  nay  be  sot  at  such  a  tins  that  it 
dd  pass  a  substendord  pulse.  If  the  Cr?  passed  by  66  is  weak  and  dees 
t  Btt  the  f lijwflop  67-66  no  hem  is  done  for  tho  next  Crr  (64-65  is 
i  reset  in  this  ease)  will  be  standard  end  will  set  67-68.  The  circuits 
l^ising  those  flip-flops  and  thoir  associated  gate  tubes  ore  relatieoly 

,  r' 

I*  (the  rise  time  is  on  the  order  of  50  ^  seconds).  Thus.,  if  -  CPP  »otB 
I  flip-flop  67-68,  the  gate  69  will  open  only  in  time  to  safely  pass  tho 
ilkieh  arrives  ono  addition  tine  later,  end  the  output  of  gate  69  will 
i»  bo  a  standard  pulse.  Kotc  that  this  progren  output  occurs  before 
^  punching  cycle  is  conploted  (ascuning  the  punch  starts  from  rest 
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^  tte  tl«.  of  orltlng  thU  roport  ttu  tUm  o„  appr«n«,telp  Uso 

addition  tiBBs). 

j.1,4  The  Interlock  Cca 


Bib  Interlock  can  aakes  eentaot  nBar  tlM  end  of  the  punehlns 
qelB  (card  tiao  13.3)  and  breaks  near  the  PL'  punch  of  the  next  card  cycle 
(tloe  12.6)  (seo  tho  time  table  on  PI-lfcJ07).  This  can  and  a  contact  on 
tbe  ftarting  relay  (in  series)  cmaoet  tho  cathodes  of  all  tho  tubos  U 
ttc  yrlnter  to  +20  eolts.  Hhen  this  cirealt  is  open  the  cathoden  rise 
(sM  the  2E,  10  watt  resistor  near  the  starting  relay  on  PZ.12p307)  to 
ikent  200  Bolts.  Since  this  is  about  tho  same  potential  as  the  plates, 

■f  alg^al  OB  the  grids  (and  gonormlly  thorc  will  bo  signals  m  certain 
%  the  static  outputs)  will  not  cause  any  of  the  tubes  to  go  on  end  set 
ly  their  corresponding  reloys. 

The  printer  nay  again  be  prog^onned  to  print  any  tine  after 
iki  reset  signal  hao  arrieed  (see  Se^'tijn  ?,lv5).  Jkr.icBBr,  ixeept  fof^, 
b  activation  of  the  starting  relay,  nothing  will  happen  until  the  end 
^  tbe  cycle  which  the  punch  le  in;  until  the  interlock  cam  makee  contact, 
bt  famishes  a  aechanieal  interlock  arrangement.  Tbe  secoid  print 


<pttl  cannot  cause  any  tubas  to  conduct  and  relays  to  set  up  in  the  printer 

I  * 

Jtil  the  first  punching  cycle  is  coapleto.  At  tioo  9.S  in  the  first 
t|ll«,  tho  holding  can  breaks  contact  releasing  all  relays  in  tho  printer, 
^time  13.3  the  interlock  cam  tmkss  ond  (provided  the  start  relay  Is 
ilfbvated)  the  printer  relays  set  up  in  the  xieif  way  and  a  second 


,  V 


Table  9-1  gives  the  timing  of  the  printing  seqoenco. 
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lH  T3b«  Card 
riwt  Btes.  Tin* 


AetlTity 


0  0 

D 

Fr Inter  progren  pulse  errives  (et  Initietlns  wait). 
Starting  relay  closes  (in  printer). 

IBU  punch  starts  and  relays  set  up. 

13.6 

1 

Carry-over  can  Bakes 

li.S 

Holding  ea&  makes. 

i2.a 

Interlock  cam  hreaks  (this  turns  off  all  tidies  in 
printer  and,  thus,  releases  the  aceunulators  and 
master  programmer  for  other  activities). 

11 

R,  indications  are  punched. 

]900 

to  .4 

IBOO 

11.2 

Reset  OBffl  closes  causing 

1)  Starting  fli^flop  to  reset 

2)  Printer  prot^ran  output  pulse  to  he  transsiitted. 
QtL'iC  proceeds  '.rith  other  computing 

11.8 

A 

Reset  cam  breaks. 

. 

A 

\ 

U 

1 

to 

9 

Digits  are  punched. 

9.36 

Carry-over  com  breaks. 

r 

9.45 

Holding  cam  breaks 

m  .5 

13.3 

Interlock  c». 

..on  a.  .tertins  rol.y  U  elMod. 

next  printlns  Blpol  noy  •««»  ll.S. 

reset  com  bracks,  that  is,  oi^  time  ^  *- 

'•v 

■> 

D 

Punch  stops  unless  starting  relay  has  been  closed. 
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Clearly,  the  proEriJimlng  in  the  ESUC  urt  not  lx  arrangad  «o 

a  »ocond  print  progren  Input  puleo  urrlvos  befora  tha  raaet 

hac  baan  gi^n  out  by  tha  punch  and  tha  flip-flop  66-69  baa  bean 

Henca,  no  pulso  should  bo  auppliod  to  the  printer  prograa  Input 

Btil  after  a  pulso  ha.c  boon  onlUod  trxm  the  printer  progran  output  P  , 

o 

pulse  arriving  aftor  tbo  reset  signal  bah  before  the  ond  of  tha  card 
punebine  cycle  (that  is,  durii^  the  period  11.2  to  D)  will  be  remaiAarad 
■d  will  causa  the  punch  to  continue  and  punch  the  next  eard* 

9,1,5  Initial  Clear 

The  only  place  that  the  initial  clear  gate  is  used  in  the  printer 
eireuits  is  to  reset  the  starting  flip-flop  68-69  (P1L9-104  in  the  ini- 
tilting  unit).  The  characteristics  of  the  tubes  in  these  eireuits  ere 
loeh  that  whenev-r  tho  povror  is  turned  off  or  turmd  on  (in  spito  of  the 
tutoaatie  initial  door)  tho  starting  relay  uill  be  closed  long  enougb 
to  cause  tho  punch  to  food  a  card  tfafougli. 

•-  a 

9.2*  TSE  circuits  of  ths  FRiiirsa 

Of  tho  sixtocn  relay  groups,  groups  one  and  sixteen  and  parts  of 
poups  two  and  f  iftcan  aro  reprosented  on  pX-16-307.  Jissune  that  tho 
plug-board  is  so  wired  that  tho  columns  (A,  B«  C,  D,  and  E)  corroepond 
to  the  first  five  columns  co  the  IBiS  card.  Suppose,  f urtherfloro ,  that 
the  r:  indication  for  this  five  digit  group  is  to  bo  punched  la  column  one 
or  A, 

Thcro  are  fifty  digit  triodcs  in  group  one  (actually  25  6S1I7  s) 
nd  three  Pt  tr lodes.  The  grids  of  those  tubes  connect  directly  by  a 
SI  line  Cable  to  the  static  ou^-puts  of  the  decados  and  PL  ***'tt 
iccuaulator.  just  one  TtL  line  goes  to  tho  throe  grids  of  the  PM  tube  . 


U-  T 


Ihc  tabes  In  each  colunn  are  donotod  by  aO  te  i®,  bo  to  B9  ot 
I  vAnni  tbit  is,  the  sccK-^  svEi'joi  denotuE  the  digit  raproicatod  by  that 
iM  btlas  oa-  iT-iis  of  thesi  tubas  arc  connected  to  the  r.omUly 
Satire  outputs  of.ti-  stages  of  the  dacad.  rings.  Tho  Til  Una  in  the 
to  all  fira-  ?_  tubas  (the  tubas  driving  tho  carry-over  relay 


e^,  iud  the  rt;lAys  and  I'p, 


12:^  leads  fra.,  tho  aaittcr  arrive  at  the  upper  left  eenicr 


iL-lZ-XT:  Tiles  a  c^^tcr  leads  go  through  transfer  contacts  on  the  rel^ 
zed  tc  ’■■hi  vsrlcus  digit  levels  in  the  five  columns  of  relays. 

..11  tha  digit  and  FlI  relays  have  holding  contacts  eonsecting 
tis  to  a  lino  eontrollod  by  the  holding  cam.  Tho  holding  cam  «»»>«>«  at 
the  beginning  cf  tl.:.  punch  cycle  (at  IhH  time  14.S,  sea  Tablo  9-1)  and 
heehs  at  the  end  of  tho  cycle  (at  9.45).  These  holding  contacts  cause 
aj  relays  ^Ich  arc  yich^d  by  tubes  conducting  to  renain  until  tho 
md  at  t!k:  eyel-a  Thus,  the  printer  tubes  need  to  conduct  only  long  cnon^ 
tc  safely  yici:  up  the  relays.  This  determines  the  length  of  contact  sade 
hrths  inter  loci  cam  (13.3  to  12.8)  (note  thit  if  the  punch  stops  betMoa 
ejeles  then  zhe  tubes  begin  to  conduct  at  time  D  =  13.5  idien  the  sterti^g 
rdsy  is  activated).  Onco  the  relays  are  picked  up  tho  tubes  cen  bo 
tamed  off  by  the  inter  loch  can  and  all  tho  units  which  coiwact  statically 
tetbe  prints  ^oups  whocs  print  switch  is  "on"  cen  then  be  released  to 

Ytftieipate  in  further  cfEiptttctiwis. 

If  tic.  interlock  can  has  made  contact  end  the  starting  reloy  Is 
closed,  ti»a  one  digit  relay  (in  each  colu.'w)  picks  up,  corresponding  to 
toe  actual  me&er  registered  in  the  decade  of  the  accumulator  or  master 
FTo^acner.  ;J1  tlirst  Fii  relays  will  pick  up  together  if  the  number  is 
ces^tiie. 


( 


1 

k  .. 
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i  Suppose  the  nunher  ?ia45  Is  registered  la  the  deeuAee  end  » 

e?  ^  a-cur.ulator  associated  with  ^oup  one  relays.  If  the  print 
jrftch  of  group  one  Is  set  to  print  and  the  st-rtiag  relay  Is  closed 
(tfsiiaisg  f-ic  L-itorlook  cws  is  eJklns  contuct)  then  the  tuhos  iJ,  B2,  C3, 
gi  aid  ES  Vill  conduct  closing  relays  Al,  ....  Qs. 

Af  the  cord  pass&s  under  the  punchcc ,  pulses  srrlrc  fton  tbs 
orer  the  enltter  lines.  Since  the  ohore  number  was  positive  all 
fbee  relays  (Cq.  11^  und  i:^)  are  unactlToted.  This  sieons  thot  thve  is 
I  eonaection  froz;  ecltter  line  *one*  through  the  tr-nsfer  contost  on.  ill, 
throu^  tlk.  contact  bn  Al  to  the  transfer  contact  on.  Cl.  and  on  to  tils 
puach  na^.et  (via  the  punch  plug  hoard)  for  colunn  one  on  the  card.  Thus. 
diSt  the  one  position  on  the  sard  is  under  the  first  colism  punch  a  si^ial 
ftm  witter  line  ■one*  will  (through  this  circuit)  cause  "one*  to  bo 
paeheA  in  thc  flTSt  colucn  of  the  cerd.  The  circuits  for  the  cbova 
fio^cr  and  for  IJ12376  are  Illustrated  by  the  renrs  in  the  folloning  tables. 


1b  there  tables  (A)  donotes  thi.t  tho  relay  is  in  thc  abnomal  or  ectU 


ntsd  position  while  (IT)  means  that  thc  relay  is  in  the  normal  position. 

The  resistance-capacitance  circuits  found  m  the  contacts  of  the 
eirry  over  relays  (and  on  one  coiAact  of  the  starting  relay)  -re  to  p"#- 
mat  arcing  at  the  contacts.  The  protection  is  nacess^y  only  on  contacts 
*ich  carry  relative  heavy  loads,  and  not  only  prolongs  the  life  of  the 


.1. 

I'lsIsy^B^  provides  more  reliable  operatioB. 

In  thw  case  of  the  auaber  iilZSTO.  the  nines  indication  will  cause 

C  to  be  -ativated  V/hish  ia  turn  (arsuBihg  the  coupllag  switch 
;  h  act  to  •0*)  causes  Cg  to  operate.  Since  the  last  digit  Is  sero,  re  y 
! -0  (group  1  relays)  will  be.  activated  ^rhlch  will  o^use  to  operate. 
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TABLE 


Clreaits  ?br  The  Number  Pi  2378 


Carry.oTer 
rcl::y  trans¬ 
fer  contact 


Cj  (N) 
C,(IIJ 

C,  CD 

C4  (» 

Cg  (B) 


Line  to  pun^  ma^ict 
(▼in  plug-bocx^ 


TiaBLE  9.3 


Circuits  ?or  The  Ivumbcr  HI 2378  (-87622) 

(Relays  £nd  I'  arc  nev  activated,  Ci  to  C.  normal.  Coupling  &ilteh 

®  *  ctO.) 


Blitter  Line  P--  relay  Sisit 

'  transfer  relay 


Carry-over 
relay  trans- 


Line  to  punch  nagnet 
(via  plug-board) 


contact  I  csrrtact  I  fer  contact 


Cj  (K) 
C^(K) 

c^(n) 

00 

C5  (A) 


Koto:  In  tlie  above  tables  (3)  means  the  relay  is  ^  “ 

unaetivated  position  i^lo  (A)  means  it  is  in  the  a  . 
aetivatod  positioiu 
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carry  relays  Cj.  Cg  and  C3  will  not  te  activated  so  the  circuits  take 
es^lenents  with  respect  to  ten  (uodulo  ten)  in  the  units  and  tens 
u4  with  respect  to  nine  in  the  other  places. 

It  is  essential  that  the  carry  over  can  breaks  before  the  holding 
^  does.  If  tho  holding  cac  were  to  break  first, then  a  string  of  carry 
owr  relays  ithich  nay  have  picked  up  would  bo  dropped  by  the  contact  cn 
relay  and  since  the  carry  over  rolays  TThIch  have  picked  up  are  eonneeted 
la  jarallcl  tko  load  horn  would  soon  burn  up  the  contact  cn  C  •  bho 

carry  war  Cua  breaks  first  (at  S,36  as  ngaiast  5,45  for  the  holding 
tho  contact  on  will  not  be  breaking  xmy  current. 

There  is  one  PIl  unit  in  each  accumulator  and  there  are  two  sets 
of  Fil  relays  (one  set  with  each  five  digit  group).  Thus,  to  print  ten  digit 
aegative  numbers  the  Fi'  static  output  must  bo  eomeeted  to  both  sets  of 
YJ.  tabes.  This  Is  uceonpllshed  by  the  use  of  an  adapter  \vhieh  connects 
the  too  Pi.  lines  to  thu  one  static  output.  In  caso  of  twenty  digit  opera¬ 
tion  an  adapter  must  bo  used  to  connect  tho  four  sets  of  PLi  tubes  to  tho 


?ll  static  output  of  the  left  hand  accumulator. 

The  adaptors  for  the  ten  digit  oporation  installed  in  the 
hecks  of  tho  respective  accu&;ulators.  This  adapter  (see  PX-12-114A)  is  a 
plug  and  two  sockets;  the  plug  goes  into  tho  Pi-  static  socket  (oh  tho 
nUlear  plug-in  unit)  and  the  tvro  sockets  receive  the  two  PI:  linos  of 
the  fc/o  static  cables.  Tho  adapters  for  more  then  ton  digit  operation 
wo  best  installed  in  tho  printer  (behind  .front  panel  *iO.  Z)  (tho-c  for 

ton  digit  operation  could  bo  installed  h&rc.  too). 

To  mol;.  It  joaoliU  to  print  the  ectual  noohers  regUtorod  to 

tertein  decodes  (regerdlecs  of  sign)  there  Is  s  ..rouno  -dfi  h  ”  T 


a.io 

Btlch  DOBially  ecnneet  to  th.  .tetlc  R;  l«d!. 

■  .rtrt  -It*  .  J-P-r  told..  «.  PX.ld.U4B)  ...4  h.„  5,^4,  th.  erld.  .f 
^  ti.  K;  tiili...  IM«  ]ir...nts  tb«  froi  emduetliii;;  If  th.  £.11.  w.  uiomd 
„-no.f  the  tabes  »ay  or  o.j.  not  cosdnei.  Such  u  .d.pt.r  nut  h.  ueri, 

I  IK  exaapl..  ohenoTor  printing  nuabore  fron  Iccudos  la  the  nutor  progrmr. 


;  9^  TH2  ISH.'  S.^  PQKCH 


Tho  13l\  ^ang  punch  vill  be  described  In  terns  of  dle^en  FZ.12-112. 
ftis  punch  ^Tas  conebruebed  in  the  following  runner t  An  unfinished  standard 
jia»  s-joa^y  punch  .•ns  reuoved  froo  the  asseubly  line  and  certain  details, 
siieh  as  cacc  and  colui&n  split  relays  .;rere  added  to  i5e>^:e  a  punch  for  use 
sitb  the  STLtC.  This  noans  there  ir  sone  unused  apparatus  in  the  punch; 
fer  ozonplo.  there  is  a  sot  of  control  rending  brushes  and  the  continuous 
roller  is  in  for  the  regular  set  of  reading  brushes.  This  also  oi^lains 
there  arc  shunts  on  sorac  relay  contacts.  The  nastor^dctail  switch 
loected  on  tl'.e  front  c»f  the  punch  siinply  acts  as  an  on-off  switch  for  the 
pinch  aa^iets  (*Qn*  corresponds  to  *iaaster*), 

9.3.1  The  e-c  Circuit 

The  a-e  convection  is  noraially  plugged  to  the  outlet  on  the 
iottoB  of  panel  two  of  the  printer.  ?o\Tor  Is  furnished  to  this  outlet 
"dy  ':hca  the  is  turned  on.  Cutlets  on  all  other  panels  except 

P~4l  three  of  the  constant  trensnittor  ha\‘o  pw/er  all  the  thae,  Tnus, 
if  it  is  desired  to  opurnto  tl;o  punch  \7ithout  turning  on  tho  ECLiC  oao  of 
tte  outlets  of  one  of  tho  other  printer  panels  nay  ho  used. 

V.'hcn  the  a-e  powur  Is  turned  on  K,3.  relays  ho.  2  and 
■tartiag  t!ic  i^otor  generator  and  closing  the  40  volt  d-c  circ 


n- 

pees  light  on  the  front  of  the  punch  indicates  that  the  ootor  fiooerator 
i,  operating  properly.  The  drive  motor  is  started  hy  the  closing  of  eon. 
^taets  on  E.D.  relay  Ho.  1.  The  pick  up  coll  for  this  relay  is  la  parallel 
Lith  R9.  R9  is  picked  up  by  a  contact  on  RIO  ««d  another  contact  on  RIO 
i^tes  the  clutch.  ISms ,  relay  ZO  is  the  starting  relay, 

U.2  The  Starting  Circuit 

; 

I  There  are  three  card  levar  cmxtaets, 

( 

1)  Die  card  levar  contact  (Dtet&Q 
z)  liegasina  card  lever  eoataet  (Ikg.  CLC) 

3)  Brush  card  lover  centaot  (3r,  CIC) 
dilch  activate  relays  1,  3,  end  7,  These  card  lover  contacts  detomina  if 
tho  sards  are  being  fod  in  properly.  There  is  a  die  eoataet  vhieh  deter* 
siws  If  the  punch  die  is  in  proper  positicai.  If  the  die  contact  is  open, 
aeithcr  the  start  key  on  the  punch,  nor  the  starting  circuits  of  tbo 
Bfl-iC  vn.ll  operate  thw  punch.  The  various  card  lover  eontaets  ore  by¬ 
passed  by  the  stiirt  key  on  the  punch.  Thus,  it  can  be  used  to  feed  the 
cards  into  position  *<7hen  they  are  first  put  into  the  aagesino. 

If  the  oiugatlne  runs  out  of  cards  the  punch  will  stop.  If  tbo 
»tartin£  relay  is  closed  the  printer  relays  will  pick  up  and  the  punch  will 
optr^te  the  noraeat  new  cards  are  placed  in  tho  oagasino.  The  operator  should 
kold  down  the  stop  kwy  ..hen  r-utting  now  cords  in  this  case.  Ottarwlso, 
tbo  punch  Kay  start  boforo  the  cards  arc  firmly  soatod  and  may. fall  to 
^oad  the  first  cord. 

To  start  the  punch,  tho  EiilAC  completes  tho  circuit  l^raa  ter* 
one  to  eleven.  This,  through  contacts  or.  relays  1  and  3,  closes  R»« 
Acontj.ct  on  R23  causes  RIO  to  close.  Contacts  on  RIO  cause  R9',  relay 
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13.  JO,  1.  oirf  th.  el«teh  to  plot  up.  *,3^^  ,  ^  ^  ^ 

*4*  tp  *10  «.a  ty  th.  e<,ntln««»l,  runnlnc  (C.H.  0..),  j,i,,  „  ^ 
un  i.  i.W  hy  c«.  K.  Thu.,  ^.-,  th.  startiug  r.luy  1.  UI0..4  ^ 
fiOa.  r.laj3  S  «a  10  ptet  up  „4  hold  until  tb.  .nd  .r  th.  oud  punch, 
iag  cycle.  At  that  tine  they  drop  out  as  does  :i.D,  Ho.  1,  The  elvteb 
dreps  out  when  relay  10  drops  end  the  drlvo  notor  oouts  to  e  st^. 

Koto  that  tho  operator  must  use  the  initial  etart  awltsh  to  feed 
eirds  into  position  ^rhcn  startins.  since  with  sards  only  in  the  nasaslae^ 
tbe  SIIAC  starting  elrealts  will  not  operate. 

A  card  staci'cr  vwitch  opens  tne  storting  circuit  idu^n.  toa  eony 
:,Brds  ire  in  the  stachcr.  ’Ihtn  the  cords  ore  reuored  tht  Doehlnc  will 
ewtinuc  to  operate  in  the  proper  nanner. 

9,3i3  The  Colunn  Swlite  {7L  Slr&u,lts} 

The  pick-up  coils  of  the  colunn  split  relays  ore  located  et  SC 
CDPdL12.1l2.  These  relays  are  activated  hy  can  ?2  during  tho  tiae  that 
th..  11  and  12  positions  of  the  card  ore  passing  under  the  punches  (octuaUy. 
!>■«  13.5  until  11.6).  Tho  relays  act  as  a  siztosn-polo.  douhlo-thrar 
witch  (sbo  tho  contacts  at  7  and  0  a  and  j)  and  connect  tho  punches 
(rla  plug-boord  connections)  to  the  isinus  indication  terainals  (at  8D) 
during  the  11  and  12  positions  of  the  card  and  to  the  eooputer  result 
«lt  ter.'.inals  (8D)  during  the  rest  of  the  ca  d  cycle.  This  nokes  It 
possible  to  punch  a  indication  and  a  digit  of  a  nunbor  in  the  soae 
eoloan. 

The  Punch  *!agnet8 

rnc  circuits  to  tho  punch  nagnots  is  coiipletod  by  ccn^acts  m 
relays  43  to  56.  Those  relays  oro  activated  by  a  circuit  tnrough  tho 
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witch  (•rtth  witch  ccttins  •»  •outer*),  a  oorully 
cesUCt  on  R14,  and  caa  P12  (nakes  at  14.3  aad.  breaks  at  9,3). 
f.3.S  The  Qaltt^ 

!  Th,  is  loectol  at  lac.  It  torn,  ta  aycehroiiian  u  tiu 

puau  uaier  the  ;aiieh  aigaata.  that  la,  the  ealtter  connecta  to 
llBB  3,  for  example,  .Aen  position  three  is  under  the  punches.  If  the 
elrcttlt  is  eonpleted  frot  ccitter  line  three  back  to  the  punch  nagnets 
thea  thre;;  irill  he  pundicd. 

9.3.6  Thfc  Plu.vboard 

Instructions  for  plug-board  eouioctions  appear  on  ?Z-?£.J05. 
ihc  oighty-diglt  outputs  appear  on  ei^ty  hubs  on  the  plug-board.  The 
li^ty  punch  nagnets  appear  on  eighty  other  hubs.  Thus,  inforoation 

i 

CIS  be  rearranged  on  the  earl  in  any  lasired  r^ennar. 
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The  master  progracner  occupies  tmo  panels.  The  tma  la  mm 
prtftically  identical  in  function  and  in  appearance.  The  Block  diaerm 
M-3W.  refers  to  the  left  hand  panel;  hoaeeer,  by  changing  some  of  the 
taainoloey,  tt  can  refer  e^ially  eell  to  the  right  hand  panel,  thus,  in  tbs 
discussion  only  the  left  hand  panel  eiU  be  considered.  In  the  left 
bod  panel  the  decades  are  nuobered  from  11  to  20  (reading  fttaa  ri^  to  left 
as  is  an  accumulator)  and  the  steppers  are  named  a,  B,  C,  D,  anl  £  (ftm  left 
tt  right).  In  the  right  hand  panel  the  decades  are  numbered  fits  1  to  10 
aad  the  steppers  are  named  f,  G,  H,  J,  and  K. 

u.i.  imonjc^oH. 

The  Uaster  Programmer  contains  only  program  circuits,  there  being 
I  sDnonerical  or  conaon  progrurjaing  circuits.  The  program  circuits  sill  be 
divided  into  into  types,  n^nely,  stepper  circuits  and  decade  counter  circuits  or 
dtcade  units.  The  decide  counter  circuits  are  represented  on  M-G-30t  ^7 
ta  rectrngles  along  the  top  of  the  drawing.  .The  five  steppers  are  represented 
i7  the  rectangles  along  the  bottom.  The  decade  counter  circuits  are  divided 
into  groups,  each  group  being  associated  with  a  stepper.  To  give  flexibility 
”Csdfa  sssociator  switches  arc  provided  which  change  a  dwcade  circuit  ft*®  on 
to  another. 

10.2.  DECADE  nC^IiJTai  dRCHITS. 

*  a  «  •  •  • 

10.2,1,  Decade  ring.  The  decade  rings  used  in  the  master  progranaer 


are  t® 
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p  ring  counters  located  on  i>lAig-ln  units.  Tha  clear  inrcrter  (tube  1) 

^0  located  on  the  same  plug-ln  unit.  The  pulse  standardlser  and  the 
ff  circuits  associated  ulth  the  ring  are  on  a  separate  plug-in  unU.  Ss 
L  for  each  pair  of  decades  the  pulse  standardisers  (21-23  and  25-27)  a^ 
ny  circuits  {Zk,  28-31)  are  on  one  plug-in  unit. 

Provision  is  made  for  making  static  ealde  eonneetlona  to  ai^  decade 
^  of  the  master  programmer .  This  would  enable  the  operator,  for  eExaq>le, 

I  register  an  independent  y&riable  In  e^ain  doeaics  of  the  master  progranner 


1  to  print  it  whenever  desired. 


Thu  normally  positive  outputs  of  the  stages  of  the  decade  ring  go  to 
feitspcctive  positions  on  the  six  decade  switches.  The  cornnon  connection  of 
d  snitch  connects  to  the  grid  of  the  inverter  tube  B  for  deeede  11). 
there  is  a  coincidence  between  the  setting  of  anjr  decade  awitch  and  the 
jdtion  of  tho  decade  ring  the  corresponding  inverter  will  be  turned  off. 
til  the  switches  -are  illustra  ted  as  setting  ct  "7"  all  the  inverters 

|dc  bv.  turned  off  if  the  decade  ring  was  stepped  to  stege  seven. 

j. 

'  Th£  c-'.rry  circuit.  lHhenever  a  decr.de  is  stepped  to  stage  "nine" 
t  stiitic  output  causes  gate  26  to  open.  If  another  pulse  is  fed  into  the 
Jit  sts'idc-rdiztjr  the  ring  will  step  to  sero  and  a  pulse  will  pass  gate  28 
^gste  24  for  even  numbered  decrdes)i  go  through  the  inverter  and  buffer  30 
H  thence  to  rissociation  switch  or,  in  seme  cases,  directly  to  the  ix^ut  of 
B  pulse  standardizer  for  tlie  next  decade  to  the  left. 

The  crirry  circuit  is  spread  over  parts  of  three  plug-ln  unit  , 
necessarily  h'ls  a  very  poor  time  constant.  Actually,  the  ris 
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1^  eirc«lt  copppiaed  of  stage  nine  of  the  ring  end  gate  2B  on  a  eeparete 
jjBg-ln  unit  (four  tinea  the  tl-ae  constant)  -  approjdinately  the  tine  fop  the 
^  to  peach  97e  of  ita  c^axinum  anpUtude  is  on  the  order  of  one-half  an 
tfltlon  tine.  Thus,  any  sequence  of  digit  pulses  iihlch  eould  produce  a 
jsrry-orer  cannot  be  fed  into  the  decades  of  a  master  prograci&er  during  aty 
lei  addition  tine.  There  are  other  situations  (see  the  discussion  of  clear 
lijrcuits  below)  where  digit  pulses  cannot  be  fed  into  these  decades. 

The  clear  circuits.  This  ring  is  cleared  by  a  CPP  passing  B64f 
llbr  exaisple,  and  turning  off  the  clear  inverter,  (tube  1)  on  the  decade  plug- 
lb  wit).  This  clear  circuit  is  operated  either  by  the  initial  clear  gate 
mriving  at  the  buffer  say.  or  by  the  q>eraticni  of  one  of  the  coincidence 
Ifdea  (B,  C,  48-50)  in  the  stepper  circuits  (£) .  Generally,  one  of  these 
loineidcnca  gates  will  conduct  when  there  is  a  coincidence  between  the  position 
Id  the  stepper  ring,  the  settings  of  a -number  of  decade  switches  and  the  position 
Id  the  eorro spending  decade  rings. 

Since  the  clearing  is  accoi^lished  by  a  CPP  passing  844  (in 

Ifceade  U)  the  decade  carnot  bfe  stepped  by  any  number  of  digit  pulses  (arriring 
•ler  the  direct  input  lldi)  widch  will  step  it  past  a  coincidence  position, 
iliii  restriction  Is  not  because  of  the  time  constants*  Actually*  f®^ 
tlearing  to  take  place  the  ring  oust  come  to  (and  stay  on)  the  coineid  nc 
^fosition  (that  is,  the  position  corresponding  to  one  of  the  decade  switch 

togs)  so  that  gitc  63  is  set  up  at  pulse  time  17. 

tos  (at  lenst  seven  pulse  tines)  after  the  last  digit  pulse  errived. 
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jho^JSt  be  »«1  to  rtep  thi.  rt«*  to  ,  eolndto..  porttl«,. 

,  rise  ttee  of  thl.  clearing  dreuit,  (as  ,oU  a.  the  dapper  clear  drealta) 
..the  order  of  one-haU  an  addiUon  tine  (10  pul,,  ttooe).  Ihas,  the  drcait 
Bte  eih>ccted  to  operate  satlafaetorllcr  only  ohen  stepped  to  the 
dtioc  dth  s  progran  pulse  (CK>).  Hote  that  the  tiiw  constant  of  these 
Ircuits  vary  considerably  depending  upon  the  posiUons  of  the  assodatioo 
iltehes  and  the  stepper  considered. 

Hote  th:t  there  is  no  provision  for  delay^  carry-over  (as  in  an 
ccunulator )  a  This  means  that  two  associated  decades  cannot  be  stepped  sisul— 
ueously  in  a  manner  which  produces  a  carry-over. 

},3.  THE  STEPPfJl  CIRCUITS. 

}.3.1s  stepper  ring.  The  stepper  contains  a  six  stage  ring  located  on 
plng-in  unit.  On  the  sane  plug-in  unit  is  a  pulse  standardizer  and  a  set  of 
nrerter  tubes  connected  to  the  outputs  of  the  ring.  All  of  these  circuits  use 
betubvs  numbered  fron  21  to  S2.  The  set  of  outputs  of  the  ring  which  go 
lirangh  the  inverters  go  to  two  sets  of  six  gates  eaehf  B  Mid  C  48  to  50  and 
he  gates  raxibcrcd  61,  65,  and  69  •  The  other  outputs  of  the  strtges  of  the 
ins  go  to  thj  respective  positioris  on  the  stepper  cle:r  switch.  The  cocnon 
tiBin:!  of  this  switch  goes  to  gate  B47.  B47  i«  op*"  arriving 

^oa  the  inverter  61  and  buffer  62  will  clear  the  stepper  back  to  stage  one, 
he  stepper  will  clear  to  st  igt;  one  in  the  following  cases: 

a)  T.’hen  the  initial  clear  gate  is  appUed,  g-te  C47  OP^  letting 
•>w«gh  a  CPPl  whicli  turns  the  inverter  C46  off  clearing  the  ring. 

b)  A  pulse  arriving  over  the  clear  direct  input  (cdl)  turns  the 
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Hffer  B46  on  and  tho  infcrter  C46  off« 

e)  If  the  atcpper  ia  set  la  rtage  and  the  stepper  clear 
^tdJ  is  at  five  Can  illustrated)  the  gate  B^T  wiU  be  open.  K  pulse  passed 
trpte  63  or  from  the  buffer  61  on  the  stepper  direct  input  (dl)  elU  turn  the 
isierter  61  off  and  the  buffer  62  on.  This  idll  cause  the  inverter  B46  to  go 
(ff  esoslJig’  the  gate  thbe  H67  to  conduct.  This  in  turn  causes  tho  clear  Inverter 
to  go  off  and  clear  the  ring. 

The  stepper  cie^r  circuit.  The  stepper  clear  circuits  aiU  not 
(per^te  in  one  pulse  tine  (the  rise  tine  for  this  clear  circuit  is  about  one 
)alf  u  addition  tine) . .  This  neans  that  the  stopper  ring  can  be  stepped  wiUi 
digit  pulses  onlj  if  the  ring  is  not  stepped  onto  the  coineidenee  position 
I  (that  is,  mto  the  stage  corresponding  to  the  setting  of  the  stepper  clear 
■Itch). 

f 

the  ste£2er  ^rect  input,  a  direct  input  (through  buffer  HL)  ia 
irovided  to  step  the  stepper  ring.  In  this  case  the  associated  decade  units 
f  ring  is  not  stepped  and  no  output  program  pulse  is  obtained.  Note  (above) 

'the  restrictions  on  the  kinds  of  pulses  supplied  to  this  ljq»t. 

The  stepper  input.  The  flip-flop  (66,6?)  and  the  associated  gate  69 
'his  s  tine  constant  approxiaately  equal  to  bhat  of  the  slow  buffer  output  of  a 
trutscelver.  This  means  that  this  input  (Ej^  for  cxaiq>lo)  Bust  never  be  pulsed 
liter  than  pulse  tine  four.  That  is,  it  can  be  pulsed  by  a  CPP,  9Pf  2Pf 
*  2*?;  but  not  by  4P,  1*  P,  or  g»:nerally  by  **>7  digit  output  of  an  accmilstar. 

Note  that  if  and  for  exanplc,  are  pulsed  sinultaneously,  the 

•tepper  will  clear  first  and  the  output  pulse  will  be  tvfM  Ij^o. 


PTOgran  tranaalttera. 

In  the  lower  right  h:ind  corner  of  the  pcctcngU  in^XU)  containin, 
{be  stepper  cinadta  there  are  six  gatca  and.  six  standard  traiaaltters.  One  of 
tbe^  ^tes  wiU  he  open  depending  upon  the  position  of  the  stepper  ring.  ‘  An^ 
pilses  Ejrising  traa  the  buffer  70  will  be  transnitted  throu^  one  of  these 
iSBwls.  In  the  illustration  the  stepper  is  setting  at  stage  one  so  ai^  pulses 
fre  70  will  be  transaitted  through  the  left  hand  gate  6l  and  wUl  appoar  on 
tbi  output  tcnixi'til  Note  that  e  lead  cooes  f^oo  the  oaster  progranaer 

dsir  (!!PC)  to  all  these  gate  tubes.  Inspection  of  the  cross  section  n-8>102 
iaas  tbLt  this  lead  goes  to  the  screens  of  these  gate  tubes  (6317' s).  Whecerer 
tbe  initial  clear  is  activated  a  relay  located  in  the  initiating  unit  changes 
these  screen  volt^es  froa  ^150  to  0  volts.  This  blodcs  these  gates,  that 
ill  even  if  a  signal  arrives  on  both  control  grids  the  tube  uiU  not  eonduet. 

Is  oqjliined  in  eeetica  2.I.2.  the  effect  of  the  initial  clear  is  to  clear 
deeadss  back  to  their  first  stages  and  let-  tba  program  circuits  run  out  their 
wnoces.  ^y  prcgrai  Jimpcrs  various  prograa  controls  in  the  oaeliine  may  be 
caneeted  in  a  sequence  tS;--  will  take  several  hundred  addition  times  to  rm 
'  «d.  These  sequences  be  tied  together  by  the  m«stcr  progrsaier  so  they 
r*«ld  take  a  v^^ry  long  tlae  to  run  themselves  out  or  even  repeat  indefinitely. 

To  prevent  this  tyii^  together  and,  thus,  make  the  time  for  initial  clearing 
wasenably  short  the  output  gates  in  the  oaster  prograumer  are  blocltfd 
|»aaer,  A  period  of  about  one  half  second  will  be  sufficient  (including  a 
iftfety  factor)  fop  any  possible  sequence  set  up  in  the  other  units  of  the  BOA 
j_to  run  cut,  therefore,  the  initial  clear  lasts  for  approxioatfely  one  hall 


J.3*  25s  program  receiving  circuit. 

The  input  pregram  will  ordinarily  cmae  in  the  tendial  El 
buffer  65  to  go  on  setting  the  flip-flop  66  end  6?  .  The  output  Um 
s  positive  swing  opening  gate  69.  The  nsxt  CEP  is  passed  ivsettiiv 
flip-flop  and  turning  off  the  inverter  6d.  This  oauaes  the 

70  to  go  cn  giving  a  positive  pulse  to  the  ^ds  of  the  gates 
£5,  and  69.  This  also  tunis  the  buffer  A43  on  giving  a  negative  pulse 
tbs  pulse  standardiscr  of  decade  11« 


■ 


As  described  above^  10.3.2,  one  of  the  six  gates  (61,  65,  69)  is  open 
upon  the  position  of  the  stepper.  Thus,  for  every  pulse  put  into  Ei 
pulse  is  sent  into  decode  11  and  a  pulse  eomes  out  of  one  of  the  teminals 
0  to  E^o.  one  addition  tine  later. 

Pulses  fed  into  Edl  cause  the  stepper  to  step,  and  pulses  fed  into 
se  the  decade  to  step*  Neither  of  these  cause-  any  pulses  to  be  given 
the  outputs  E^o  to  E^o. 

.3.A.  The  coincidence  gates.  The  coincidence  gates  are  the  tubes  B  and  C 

to  50  for  stepper  E.  ffhenever  any  one  of  these  gets  a  signal  on  both  grids 
i  inverter  66  goes  off  and  the  gate  63  is  opened.  This  passes  the  nest 
to  the  inverter  61  and  the  buffer  62.  The  output  of  62  goes  to  the 
st;.ndardizer  21,  22,  and  23.  stepping  the  ring  and  it  also  tims  the 
er  B66  off.  If  the  gate  B67  is  open  the  dear  signal  fr®  C46 
tfely  overrides  the  stepping  signal  from  the  pulse  standardiser  and  the  ring 
back  to  stage  one.  Also,  a  pulse  on  the  clear  direct  input  (odl, 

•  m  paand  by  gate  Ckl  (nhen  inlUal  clear  ia  aetirated,  »1U  •a/'U 
slth  adequate  s^ifety  factor)  override  any  steppiofi  signal. 
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The  output  of  the  stepping  gates  also  goes  to  the  clear  cdpcolts  la 
counter  causing  the  decade  to  dear  hack  to  sepo.  Agaln^  this  clear 
crerridoe  any  stepidag  slffial* 

Stepper  E,  dth  the  decade  associator  switch  for  decade  12  seMing 
laiUiatpated,  hsis  only  w  decade  associated  with  it.  Consider  steppv  s. 
igis  stq^  has  decades  12  and  13  associated  with  it,  lookii^  at  stepoiiig 
Ipte  E4B  it  is  seen  that  one  of  the  grids  conneds  to  both  the  iaferta  Dfcl 
is4 through  the  D-E  associates  switch,  to  the  imrerier  Gd.  If  eithtf  isruxter 
iii  caDdueting  the  grid  on  £iS  eill  be  suffideiitly  negatiwe  to  present  it  fx«n 
loadaeting.  This  coostitntes  a  oultiple  coineidenee  arrangenkent.  That  is,  la 
sder  for  E(iB  to  conduct  three  Inwerters  ciust  go  off,  naaelj,  CU-,  DU.,  and 
is  the  stepper  ring  onit.  Consider  stepper  C,  If  flte  decades  are  assed.* 
•  ited  sLth  atepper  C  then  in  order  for  the  ateppii^  gate  GU  to  conduct  the 
ioRtter  in  the  stepper  rlx^  unit  saist  go  off  along  with  the  five  Invertera  In 
the  respective  decade  unitn. 

Steppers  A  and  F  nay  be  used  without  any  associated  decades, 
lea  the  A-B  assodatleo  seitch  (ot  the  F*^)  sets  at  '  B  the  aereena  of  tha 
edneidence  gates  (L,  AB-$0)  are  switches  fron  *130  **  0  volta.  This 

yweate  any  of  these  g^tes  froa  conducting  and,  thus,  gate  63  never  conducts, 
5di  Beans  that  the  atlcppet  ring  ean  be  stepped  only  by  pulses  introduced  over 
direct  input.  The  stepper  clear  direct  input  functions  as  before.  Any 
Jdiei  arriving  over  the  prograa  input  will  be  transnltted  over  one  of  tha 

•dputs  depending  upon  the  position  of  the  stopper  ring# 

Any  of  the  other  steppers  may  be  made  to  operate  in  the  above  oaiaier 

^  rwofing  the  gate  63  in  the  plug-in  unit.  Note,  that  the  only  diff 
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^  iBtte  operation  of  these  other  stef^ers  (as  e«v>ared  to  A  or  1)  1*  that 
.  0tiin  co'**A  the  pulses  coning  in  on  the  stepper  irogrni  iapat. 

jhse  decades  wlU  clear  at  posiUons  depending  upon  the  settings  of  the  decade 


;  adtchea  hut  there  will  be  no  corresponding  change  in  the  stepper 
I  Us  clearing  could  be  prevented  and,  thus,  the  total  mate  of  irogr»  pulaai 
eBBtedbjreaoring  the  coincidence  gates  (H,  E,  48-50,  for  eiaeqde)  instaad 
63. 

im.  kssodkTUJR  sfirtcsanSm 


All  the  decade  units  are  exactly  alike,  and  the  stepper  units  only 
Affer  vith  respect  to  the  miaber  of  decades  that  can  be  associaied  with  each 
sc.  Fl^30(»  shows  that  decade  12  can  be  associated  with  either  st^per  D 
r  E*  Decade  14  can  be  associated  with  either  C  or  D,  decade  18  with 
either  B  or  C,  and  decade  20  with  either  A  or  B«  Ihen  decade  20  is 
usodated  with  stepper  B  then  stepper  A  has  no  associated  decade  (see  above) 
The  decade  associator  awltch  is  a  nine  pole  double  thrt*  seitch.  The 
ni  poles  on  the  left  handle  the  outputs  of  the  inverters  associate  aith  tbs 
beade  svitches.  The  seventh  pole  takes  care  of  the  clear  circuit,  the  eighth 
the  ijput  to  the  next  decade  on  the  left,  and  the  ninth  the  iuput  of  the  deeade 
to  be  associated.  In  the  ease  of  deeade  20,  since  there  is  no  decade  to  the 
Wt,  the  eighth  pole  takes  care  of  the  input  to  deeade  20,  aod  the  ninth  pole 
lo  used  to  change  the  screen  bias  of  the  coincidence  gries. 

Consider  the  associator  switch  for  decade  12,  As  illustrated  this 
bcade  is  associated  with  stepper  D.  The  foUosing  table  illustrates  wbri 
for  the  two  positions  of  the  associator  switch  for  deeade  12. 
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TABLE  IQ  -  1 


mmm 

Associated  with  E 

Outputs  of  the 
inv^era  C41  to 
CU 

Go  to  stepping  gates  E 
and  D  AB  to  50. 

Go  to  stepping  gates 

B  and  C  AB  to  50, 

Decade  clear 
input  (to  CU5) 

Goes  to  the  output  of 
the  stepping  gates  E 
and  D  AS  to  $0. 

Goes  to  the  output  of 
the  stepping  gates  B 
and  C  A8  to  50. 

Ir^ut  to  decade 

13 

Goes  to  the  carry  over 
circuit  of  decade  12. 

Goes  to  the  buffer  aaA 
of  stepper  D. 

Input  to  decade 

12 

Goes  to  the  buffer 

A44  of  stepper  D. 

Goes  to  the  carry  ovsr 
circuit  of  decade  11. 

Thus,  when  decade  12  is  associated  with  stepper  £,  decads  11  aets 
u  a  units  decade  and  12  as  a  tens  decade  in  counting  the  mM^er  of  prqpen 
polaes  CGoing  in  at  the  terminal  Ei.  Therefore,  the  two  decades  can  count  as 
sav  as  99  pulses  coming  in  at  Ei.  When  decade  12  is  associated  with  steppar 
decade  U  acts  as  a  units  decade  in  counting  the  nunber  of  pulses  cooing  in 
•k  ^  and  cannot  count  laore  than  9  pulses.  In  this  case  decade  12 
a  units  decade  in  counting  the  number  of  pulses  cosdng  i® 

C.n.id«.  C.  If  both  decvl..  U  U  •" 

'ith  stepper  C  then  the  five  deeedee  (  It  to  IB  )  can  count 
^1  999  pulses  arriving  at  terminal  C^. 
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U.  TEE  11LJI&..ISSI0W  STSTEt  SPECUL  DEVX(Z8 

This  chapter  eoatsins  a  description  of  the  digit  ud  prc^tt 
triaks  carry  the  pulses  representing  digits  or  prof^raa  Simula 
free  one  unit  to  another.  Also  earious  special  doTiees  such  as  shifters, 
Itleters,  adapters »  statio  eahlea,  and  so  eta,  ere  dsserlbud  in  ttts 
eh^er.  _ 

ua  Ta  its  A£1  TRUiOS 

It  is  necessary  to  transmit  pulses  represonting  digits  or 
ytn  signals  fToa  ono  unit  of  tho  E”IAC  to  another.  FUrtharoors,  this 
Bist  be  done  in  an  entirely  different  oonner  for  each  new  problem  that  is 
put  on  the  SILO.  Thus,  the  Interconnection  systoas  ust  bo  scry  flcrlhla 
For  this  purpose  trays  and  Jumpers  are  used. 

11.1,1  Travs 

A  tray  is  essantially  an  elaven  wira  transaisslon  lino,  eapabla 
of  being  connected  to  other  trays  and  to  tha  digit  terminals  and  prdgrM 

torclnals  of  the  Tarious  units. 

Each  tray  ic  eight  foot  long,  xii»®  Inches  wide,  one  end  a 
quarter  inrhes  deep,  and  open  at  the  bottom.  It  contains  clcran  vires 
■eparated  from  c&ch  other  by  metal  shields.  The  trays  oro  placed  on  cp 
sf  one  another  so  that  they  will  actually  be  shielded  on  all  sid 
tr.y  is  equipped  with  outlets  on  each  sud  so  that  it  nay  b.  cenasete d  to 
other  trays  by  means  of  JuLipers.  It  also  has  outlets  erary  tv 
Its  length  so  that  it  may  be  connected  to  tho  prograis  and  g 
of  the. carious  units  of  tho  EIIaC.  Theso  outlets  are  of  two  kindSi 
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A  digit, t_ra3^  -  shown  in  drawing  PX.  4.90  v..  . 

*6  «>29,has  for  saeh  outlH 

t  twlfe-pontact  plug  (filavan  wires  and  ground). 

i  pr.sr»  tray,  -  .ho™  In  SI.4.101.  ha.  tor  ..eh  .tit  a  .at 
rf  .J.«n  t«>.tomlnal  plug.  (on.  wir.  uid  sromd).  it  .wh  .rt  tf  th. 
jmetbi  tray  Is  a  tmln  contact  plug  to  facUltat.  Its  COT»ttlon  by  a 
jicpor  to  another  oro^aB.  tray. 

Those  trays  ore  stackod  on  the  front  of  the  ToriouE  unita  of 
the  SKIaC,  sono  above  and  soiao  below  tho  pregran  control  panels.  Generally, 
tx  ^o^jap.  trays  will  bo  placed  below  the  control  panels  and  the  di^it 
treys  will  be  placed  cbowc.  Thcro  is  roon  for  about  trj?.^.  trays  to 
fit  above  and  twel'vw :  below  the  control  panel  of  a  unit,  although  a 
=aeh  smaller  nunber  17III  ordinsrily  be  suffieiant. 


21.1.2  Jumnera 

Cables  cr  juspers  are  used  to  coiinect  the  trays  to  tha  digit 
tsi^ioals  and  pregraa  teralnals.  There  are  t;?o  kinds  of  jiBpers.-  Oae.^ 


t  trepan  j'.inpor,  consists  of  a  single  wire  and  ground  and  is  osod  to 

tray 

siencet  a  socket  on  a  progrun  to  a  progran  socket  on  cno  of  the  units. 
Tfcs  other,  a  digit  jumper,  has  olcvcn  wires  aiid  a  ground  and  is  used  to 
eatcct  an  outlet  on  a  digit  tray  to  a  digit  tarninal  of  a  unit.  This 
type-  cf  junper  is  also  used  to  connect  trays  together. 


Trunks  oad  Line  a 

A  single  ./ire  Jid  ground,  running  through  several  program  trays, 
jE?;rc  cr  pr.  jrsja  cables  .Jid  thus  connecting  a  nuaofcr  ct  pro^rs*  teral™ 


aals  tc  tnc  ancther ,  i=  called  a  t^ogran  line.  A  sot  if  eleven  wires 
ground  used  tc  traiisniit  a  teii-digit  nujaber  end  its  zi^  zao  running 
'^'agh  severU  digit  trayi ,  juiBp<«r£  or  cables,  is  called  -  r  lie 
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on.  ..t  of  digit  tmjr.  (9)  eonr^cfd  tofi.th.r  t.  f «m 
ejclins  unit  trunk.  This  earri..  th.  wiom  pulses  and  gates 
the  cycling  unit  around  to  the  etrious  units  of  the  EMIsC.  Hin,  truyi 
•rs  sttfficlent  here  clnco  the  printer  does  not  eonnset  to  this  tr^ 

IM  FL.9^7. 

11,1.4  Lead  Boacod 

Each  vlro  of  A  digit  trunk  and  each  prolan  liiu)  has  mo  load 
r3Slstor  connectwd  to  It.  Thess  resistors  arc  asscnblcd  in  hoses,  (see 
FLi-103)  and  one  box  is  to  be  plugged  into  an  ethariTise  unused  outlet 
it  the  end  of  me  of  the  end  trays  of  each  set  connected  together  by 
jdipars.  As  explained  in  Section  1.2.6,  this  nokos  it  possible  to  have 
the  flexibility  of  being  able  to  connect  varying  nui^srs  of  digit  and 
pror^sD  tcminnlc  to  tho  trunks  end  progron  linos. 
ai.5  Lead  Pnltg 

The  pulses  end  gnbec  transsilttod  over  the  trays  Bust  hava  risa 
tines  better  than  1/2  cieroseconds.  This  sots  an  upper  liait  to  tho 
talue  of  the  tiad.oon£taat.  BC.  vhere  R  is  the  equivalent  rosistanea  of 
tJu  tranc:.ittcr,  and  C  is  thi  capacity  of  tho  trays  and  Intircmnoctor 
esblas.  Tho  value  of  R  has  beta  aadc  low  by  using  two  triodes  (pentodes 
coansetwd  as  trlodcs)  in  parallel,  with  the  load  in  the  cathode  clr 
To  lomr  it  further  *.70uld  require  nore  tubes  and  appreciably  nora  power 
It  is  therefore  asccsswry  to  doslgn  the  trays  and  camecting  cords  so 
thut  the  naxisuB  C  to  bo  driven  is  never  larger  tnan  5. 

firais.  Capacities  from  ono  line  to  another  oust  bv  kept  to  a 

^  .1/  <>roi;s-tslk  effects, 

fraction  of  thfi  capacity  to  ground,  in  order  to  av 
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Ite  floxlMo  ehloldcd  B.bl«  ,*101,  1. 
altat  inureoimoetlw,  eoMcs  hot  o  oopaeity  of  .boot  so  aletaiterf.^ 
fort.  If  cooh  eoblo  1.  throo  foot  ^  „  oocb  eobUs  «.  ^ 

a  •  given  trunk  lino,  the  capacity  thua  added  nay  ho  of  the  order  of 
3500  Bifd.  This  loaves  no  norc  than  1500  mafd.  capacity  for  the  troji 
ad  their  short  interconnection  cables  or  Junpers,  If  ci^t  trays  arc 
■5l4.  a  tray  and  its  Juoper  nust  have  a  capacity  less  than  aoo  mafi* 

Sijiee  an  eight  foot  length  of  shielded  cable  would  have  nore  thu  this, 
it  is  not  possible  to  use  this  for  running  digit  trunks  and  progran 
lines  the  length  of  the  E:TLjC.  Special  coaxial  lines  vould  net  only 
te  expensive,  but  would  excessively  eouplicate  the  Job  of  connecting  in 
tlie  sockets  vrhlch  ero  to  occur  ovary  two  foet. 

The  tray  design  which  has  boen  adopted  is  nearly  equivalent 
to  a  coaxial  line  with  convenient  openings  ov,<ry  two  feet.  The  8hi,»ldr« 
i:^  is  not  perfect,  but  cross.talk  is  reduced  to  less  than  five  per  eent 
for  even  the  worst  combination  of  conditions.  Tho  caxinia  cross-talk 
ti^a  amounts  to  a  ‘two- volt  pulse,  vihlch  can  have  no  effect  sines  it  is 
srpilsd  to  the  grids  of  input  tubis  bla504  at  -20  volts,  with  cut-off 
it  .8  Tolts, 

Clearly,  tliero  cannot  bo  too  nany  Junpers  connected  to  a 
ptftlcalar  digit  trunk  or  progran  line  or  else  the  capacity  given  elove 
vould  be  exceeded.  To  assist  the  operator  in  dctrrnining  the  naxlaun 

Safe  loading  this  following  torn  is  Introduced, 

Dni.  is  .  CBpaelty  of  160  olor-leroforod..  »• 

MloTTlng  devices  ’./ill  each  be  callod  one  load  unit: 
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(1)  Ag.g«a  n  If  t„.  .^1,  ^  ^  , 

fill  ln«.  »t  Ml  useount  for  oiout  90  «fd.  Ih,  ^ 

ftrtt.  portico  of  th.  elreutto  Xiieh  «ili  i^oro.!  ,«tloa« 

piBil  to  Obleh  tho  coble  la  oonneetod. 

(2)  A  tray  and  Ita  short  for  connoctlj^,  to  tho  uxt 

trtj.  Tho  tray  accounts  for  about  120  lamfd.  and  tho  balance  oasUy 
oeeountS'for  t>.c  Juiapor. 

The  standard  trcnsalttore  usod  ra  th*  rogolar  program  aai 

digit  outputs  (not  certain  nultiplier  and  divider  outpata)  are  designed 

to  transnit  Lnto  a  line  containing  not  more  than  60  load  unite.  Actoally 
pro^ain  trcnsmicters  can  transmit  into  as  many  as  lao  load  enits  irlth  tho 
unal  Itl  8vif‘3ty  factor* 

11.2  DELEiaiS 

A  deleter  is  usually  used  to  delete  noi^s  igu  if  leant  figures* 
tad  is  therefore  i'.sed  on  the  add  or  subtract  output  digit  terminals, 

Tirious  types  of  deleters  and  the  connections  made  in  each  ere  illustrated 
oa  dr<:wlng  PX.4.109.  A  deleter  merely  open-circuits  tho  lines  ewras. 
ponding  to  un'.vanted  digits,  Uote  that  vhon  a  deleter  is  used  on  tho 
output  of  an  accumulator  the  significant  figure  switch  should  be  set —  _ 
to  the  number  of  figures  not  deleted.  In  this  case,  the  subtract 
pulse  will  bo  sent  out  over  the  line  belonging  to  the  si{?iifi*n®^  figure 
furthest  to  the  right,  n-xt  to  the  dclotod  digits,  ihus,  tho  subtrset 
pnlsc  Is  not  deleted, 

11.3  SEIFTStS 

A  shifter  is  used  to  chift  the  digit  lines  to  either  the 
»‘lght  or  tho  left ,  and  is  placed  on  the  Input  terminals  of  on  ac 

l^tor.  Thus,  a  shifter  is  generally  used  to  multiply  l>y  _ 

*The  re  03  on  fwtiiis  ie  Vhodllf  fere  nee  in  shape  of  the  (^  *•  conper 


the  lOP, 


i  utfiple  of  •  and  a  .2  shifter  are  given  on  FZ^lOU, 

i  *  .Mfter  =«lttpa«  by  irt.sr.1  ,ow. 

IB  th.  c«.  of  .  ♦*  .hm.r  (PX.4.104A)  „y  ^ 

th  units  channel  (terminal  1  of  ihe  socket  "S*)  goes  to  terminal  3 
(tandreds)  of  the  plug  (P).  Tlic  plug  is  inserted  in  tho  Input  digit 
ttfuiatl  of  the  accunulator.  lioU  that  terminals  9  end  lo  of  the  socket 
ire  not  connected  and  that  terminals  1  and  2  of  the  plug  are  connected  to 
^oiad.  This  grounding  prevents  tiio  grids  of  the  correspoiidlng  input 
^tes  froik  picking  up  any  cross-talk  or  other  noise*  ^ 

.  Ji  -  shifter.  The  -  shifter  multiplies  by  n^gnti«e  integral 
posers  of  ton.  In  tills  csiso*  the  unused  terminals  of  the  socket  (see 
?^ta4»104A)  arc  not  connoctod  bu't  the  unused  channels  of  the  plug  *F* 
cost  be  fed  '.7ith  nine  pulsos  in  ease  of  a  nijativc  nuab:r  in  order  to  glue 
th:  ^Topsr  eempl  .‘lecnt*  Thus  *  if  lc99430  is  iLultlpli->d  by  one  tenth  the 
rciult  is  i(i999430.  Thus*  the  FU  line  (terminal  11  on  S)  must  be  .connected 
to  tcrcinals  9,  10,  and  11,  on  ?  in  the  case  of  a  -2  shifter*  Aa  adapter 
of  this  type  must  be  used  on  the  input  to  an  accumulator  since  otherwise 
ths  Fli  transmitter  v;oiild  have  to  drive  thrcv  different  digit  lines  instead 
rf  just  one  digit  line  and  three  grids  of  the  input  ga^cs  to  the  uceuBulator, 

11.4  PULSI  ...JLIFIER  KIIT 

A  pulse  emplificr  u-iit  consists  of  eleven  standard  trcns-ltt 
'*4lcli  int^rcon-icct  to  trunks.  Since  the  buffer  unit  transmits  in  7 
03C  direction,  two  units  would  bo  ncs-dod  to  ccnplctvly  Inwcrconncct 
In  counting  the  load  units  on  a  particular  digit  tr 
®*tRplc,  ths  input  to  tha  buffer  unit  counts  us  only  one 
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liacfi  tho  buffer  unit  cont^ijis  its  &./n  tr-jisalttar*  none  of  the  lo^ 
rf  the  trunk  tr-asiilttod  into  eount  ^  betas  oa  the  first  tna&  jjau 
t^sse  buffer  units  -llqw  the  oper;.tor  to  prs-etieUly  double  the  auBber 
ef  mits  whlfili  aaj  be  connected  to^cthar  via  u  di^it  trank  sjetes, 

rne  buffer  iLilta  -re  desljjcd  to  sit  on  top  of  ^  gyoop  of  pro- 
cr  di^it  tr-ys.  The  unite  contain  their  ewn  transfornore  for 
:a7?lyins  the  -s^atur  volta^QS ,  Tho  d-c  power  and  the  poe&r  for  tho 
icitors  is  furnished  by  sockets  locutod  near  tho  floor  .:ctirwai  acetsai. 
liters  aina  -nd  ton  und  bctw«,-.n  accinaulutors  fcurtccn  und  fifteen. 

A  block  dlogr-m  of  a  buffer  unit  is  siren  m  drairias  FZ-4-301. 

U.S  S7.-.T:5  CUTFUTS 

Each  decade  and  Fi:  unit  of  every  accunulator  has  e  static  output 
socket,  accessible  froD  the  'jack.  To  avoid  coiuisity  loads  on  the  counter 
circuits,  a  large  resistance  is  placed  in  caries  '.rith  each  static  output 
line,  liio  constastt  thus  introduced  into  the  static  output  circuits 

is  large  enou^  so  that  one  addition  tine  Bust  be  allowud  fv  the  opore^ 
tioa  of  other  circuits  frou  thoso  outputs,  Hajcv-r,  oocanss  tho  systoc 
is  *  static  one,  th^rc  is  no  cross-talk  problcn,  and  unsUolc^  rlroi 
Cisba  cicd  for  the  static  cables. 

Static  eabl.&  arc  used  to  intoreoniiect  units  In  the  following 

ctsos: 

(1)  To  connect  the  multiplier  and  multiplic^d  a«.«alct»c  to 
^  c.ultlpilir,  see  ?:^6-301. 

(2)  To  connect  certai.i  accumulators  ind  perhaps  csrtaln  doe 
the  castwr  prO|^BDrier  to  tho  printer,  see  PX-12-304. 
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(S)  To  oonnoet  tho  PI.  onlt  oT  tto  iua.rrt«  .ad  _ 

^essttlAtors  to  the  diridor,  sog  F::.10u.303. 

PX-^111  shasre  th-  .vlrlng  eon-dcetioas  of  %  sUtie  e^. 

11,6  SF3CLX  DEVICES 

1L6.1  Special  PrograB  JuPTycra 

AS  -ell  ms  titz  regular  progra*  Ji^-rc  dseeribsd  la  Scetloa 
11,1,2,  th..re  ara  loadod  uro  jcn  -tuapers  and  T  TiroTraa 

loaded  program  juiuXK,r  is  to  be  ored  -t^a  eonaectiag  tnz. 
jroM\  output  directly  to-  another  program  input.  The  jueper  is  pltjvieally 
chrastariiod  by  having  on  extra  long  ?lug  at  one  eal  uhich  eoataias  the 
kil^in  load  resists.  Such  a  Jumper  nusi.  ne^er  be  used  ia  caL^eetioa 
4t>  a  prograa  line  'jhich  enters  a  tray  system:  -shieh  has  its  on  lead 


i.  ^-pro^aa  jumper  is  a  Jumper  uith  tl^ree  attaehed.  It 

Is  ssed  to  counbSt  t'.TO  nearby  pro jram  temiaals  (input  or  output)  to  the 
SBS3  TTOgraa  line.  It  has  no  built-in  resistor  so  oai  eoissctioD  sSSi 
?  to  a  pro;y  an  tray  systoa  vdiich  hus  a  load  bn. 
iUSi 2  ..eea~-ula':or  Intoreonnoction  -Cabl^ 

There  are  special  Interconnection  cthlis  and  1«^  f« 

B2  vith  acc.ruletars  *.7hich  ict.rainc  T.*hcth.r  tiny  ^ 

_  -  -  dUlt  e-cmuUtor, 

iiCEMlitors  or  whether  t\»  -ccuaulators  set  —  •»  v./s***., 

a  description  of  those  cables,  see  ?£.S-30l. 

•  ‘loo.?  i^lti^ll.r  intwreonne stion  Cobles 

- 1  -  r  11-  Into  veo  elessifi- 
The  iiultipli^r  interconnection  c-sl--  »-•* 

*^ioas,  ?irst,  tliore  that  connect  the  .ielei:li-r  ° 
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LceoauUtvs ,  snd  secondly,  thoso  thut  IntoroonDcet  tbe  tliTM  aultipllar 
jtaeli*  In  latter  classification,  damage  to  circuit  eleoants  ami 
start  circuits  across  tne  per^r  supply  may  be  caused  by  erroaeoualy 
pmSEing  ®  'sntole  into  the  ./rong  coeket.  This  possibility  is  avoided  by 
rffOTlqg  prongs  ft“ooi  plugs,  and  filling  corresponding  aoekot  boles 
(idicre  not  used)  in  such  pattor-is  that  erroneous  eimrxetioaa  era  impoaaihlm. 
aefersnes  should  be  made  to  the  folloeing  dia^amsi 


InterconneetiOB  of  HlgluE^od 

Lultlplicr  with  Assoeiatoa 
Aseumulators 

FX-dJU 

Static  Output  Cable 

1X4.111 

/•eeuhttlator  tbiareonnootor  Cable 

(liult.) 

FX.S.131 

Cross  reference  should  be  made  to  the  Operator*  s  ^ual, 

PI.d404, 

111  S. 4  Divider  Interconnection  Cables  and  iddapters 

Since  the  divider  and  square  rooter  serves  largely  to  pro|^* 
hi  asso^iwited  accuuulators ,  those  interconnections  uhich  aust  bo 
established  betv/een  the  two  units  mentioned  for  the  purpose  of  eaaauai* 
Siting  program  instructions  are  cade  through  cables  as  illustrated  ob 
7X>10^07,  ’.vhlch  iravring  r.uikes  further  reference  to  special  ceblos  sad 
captors  used. 

Cross  reference  should  be  made  to  the  Oporatorb  Manual « 

?U0iJ07» 

I  Function  Table  .adapters 

In  ord-r  to  disconnect  the  9F  gates  (B  and  L  4 
:  *ynehroaizi;-ig  cruai:  line  carrying  th.  9P.  ^  to  conat^ot  these  set®*  to 
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llaa  eirrylng  the  CPP  In  the  eame  trunk,  en  adapter  (PZ-i.li9)  i, 
is  ftdepter  is  connected  where  the  synehronliing  pulse  trink  pines  la^e 
feiek  of  panel  Ho.  2  of  the  function  table. 

.6,6  Other  Adantore 

The  renaining  adaptors  nay  be  claselfied  as;  I)  special 
ptora,  2)  diglt-progrom  adaptors,  and  3)  printer  adaptvs. 

The  first  group,  consists  of  adaptors  which  eoahine  shifty  wd 
ileting  characteristics  end  are  shown  on  PL4-117. 

The  second  group  servos  to  make  possible  the  use  of  digit  trays 
progran  trays.  Each  adaptor  (there  are  SO)  consists  of  a  box  with  a 
2>proQg  digit  plug  at  one  end,  emneeted  to  a  mounted  group  ct  11,  te^ 
Lng  program  sockets  at  the  other.  Those  correspond  to  tbo  12-proDg 
ockets  in  the  digit  trays,  and  tho  two-prong  plugs  on  progran  cables. 

The  third  group  consists  of  two  adaptors.  Adaptor  A  (PL12-114) 
omsets  tho  st;^tic  output  of  stage  1!  (of  the  printer  IntcreoanoetiOD 
able  to  acca'aulator  or  nastor  prograrraor  decade  Counter  stages)  to  tho 
lead  in  c-ch  of  two  static  output  cables.  Adaptw  B  is  used  ^n  no 
ionncctlon  is  desired  to  tho  Phi  lead  in  tho  static  output  cables. 

^ptor  B  is  also  shown  on  P1U12-114, 


